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PREFACE 

TO   THE  • 

SIXTH    (AND    CENTENARY)    EDITION. 


The  constant  advances  that  are  being  made  in  the  Gas  Indiistry 
have  necessitated  the  addition  of  much  new  matter  to  the  present 
Edition  of  the  Handbook.  To  make  room  for  this,  without  in- 
creasing the  bulk  of  the  volume,  I  have  left  out  most  of  the  coal 
testing  results  that  were  given  in  previoiis  Editions.  Some  of  these 
had  become  obsolete. 

Much  of  the  text  has  been  re-written,  and  its  arrangement  and 
classification  simplified  and  otherwise  improved. 

I  have  adhered,  wherever  possible,  to  my  original  plan  of  dividing 
the  text  into  short  paragraphs,  with  the  object  of  assisting  the  memory 

and  allowing  of  easy  reference. 

T.  N. 
6,  Norfolk  Stbeet, 
Manchester, 

August,  1898. 
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COAL    GAS. 


INTRODUCTION, 

THE  art  of  coal  gas  manufacture  is  just  about  a  century  old. 
Between  1792  and  1798,  William  Murdoch,  its  inventor,  was 
engaged,  first  at  Bedruth  in  Cornwall,  then  at  Old  Cumnock  in 
Ayrshire,  and  finally  at  Birmingham,  in  experimenting  with  different 
coals,  and  in  devising  apparatus  for  their  distillation. 

In  1797-8  lighting  by  coal  gas  became  an  accomplished  fact,  for 
Murdoch,  by  means  of  his  experimental  plant,  first  lit  up  his  dwelling- 
house  at  Old  Cumnock  with  the  new  illuminant,  and,  on  his  removal 
to  Birmingham  in  the  latter  year,  having  erected  an  apparatus  on  a 
considerable  scale,  he  lighted  a  portion  of  the  premises  of  Boulton, 
Watt,  &  Co.,  Soho. 

The  circumstance  that  coal  would  yield  an  illuminating  gas  was 
known  long  before  that  time.  Natural  gas,  as  it  was  found  to  issue 
firom  the  bowels  of  the  earth  in  particular  districts  where  coal  deposits 
existed,  had  been  the  subject  of  frequent  observation,  and  its  lighting 
power  proved  by  actual  trial ;  but  no  practical  application  was  made 
of  the  knowledge  till  Murdoch  bent  his  mind  to  the  study  of  the 
subject. 

A  century  is  a  long  time  in  the  history  of  an  industry — ^longer  than 
one  exsbctly  realizes  at  a  first  glance.  The  lapse  of  so  many  years  since 
the  discovery  and  application  of  gas-lighting  confers  something  of  the 
venerableness  of  age  to  the  art.  This  is  more  obvious  when  cogni- 
sance is  taken  of  the  initiation  of  other  arts,  and  the  advances  which 
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have  been  made  in  them,  and  not  less  so  in  the  progress  of  the 
sciences,  within  that  period  of  time. 

Take  railways  for  example.  As  compared  with  these,  gas-lighting 
is  old,  for  it  had  a  start  in  life  of  thirty  years  before  them.  Nay, 
even  the  steam  engine :  that  is  no  older  than  the  art  of  gas-lighting, 
and  much  of  its  initiation  and  perfecting  was  dne  to  the  same  fertile 
brain,  for  Murdoch  was  Watt's  right-hand  man  at  Soho,  and  invented 
the  D  slide-valve,  the  "  sun  and  planet  '*  motion,  and  the  oscillating 
steam  cylinder.  As  for  the  telegraph,  the  telephone,  and  electric  light- 
ing, these  are  but  of  yesterday — the  younger  sisters  of  the  useful  arts. 
Even  the  science  of  chemistry  was  only  emerging  from  its  swaddling 
clothes  when  gas-lighting  was  invented. 

Although  Murdoch  had  thus  realized  his  dream  of  employing  the 
gas  produced  from  coal  as  a  lighting  medium,  there  was  still  much  to 
be  done  to  render  the  new  illuminant  acceptable.  The  impurities  in 
the  crude  gas  were  found  to  be  many  and  objectionable,  and  means  and 
appliances  for  their  elimination  had  to  be  devised.  Suitable  pipes  for 
the  conveyance  of  the  gas  to  the  point  of  combustion  were  also 
required.  Murdoch  devoted  much  time  and  effort  in  these  directions, 
**  washing  the  gas  with  water,  and  employing  other  means  to  purify 
it,"  and  using  tinned-copper  and  iron  tubes  for  its  distribution. 

Other  ingenious  minds  were  early  at  work  in  the  promising  field 
thus  opened  out  to  the  labourer.  Lebon  in  France;  Winsor  at 
Frankfort,  and  later  in  London,  where  he  projected  ''  The  National 
Light  and  Heat  Company,*'  which  was  afterwards  incorporated  by 
Boyal  Charter  as  •*  The  Chartered  Gaslight  and  Coke  Company." 
Samuel  Clegg,  who  had  been  a  pupil  or  apprentice  at  the  Soho  Works, 
Birmingham ;  Dr.  Henry,  of  Manchester ;  Northern,  of  Leeds ;  Pem- 
berton,  of  Birmingham ;  John  Malam ;  Samuel  Crosley  and  T.  S. 
Peckston,  of  London ;  Reuben  Phillips,  of  Exeter ;  and  Melville,  of 
Newport,  Rhode  Island,  U.S.A. 

Chief  amongst  these  pioneers  was  Samuel  Clegg,  who  possessed  a 
rare  mechanical  skill,  combined  with  much  shrewd  common-sense. 
Li  1805  he  began  to  apply  himself  to  the  invention  and  construction 
of  gas  apparatus,  and  introduced  the  new  method  of  illumination  into 
many  large  establishments  in  different  parts  of  the  country.  Clegg 
invented  the  hydraulic  main,  and  the  lime  purifier  as  a  separate  vessel, 
though  Mr.  (afterwards  Dr.)  William  Henry,  of  Manchester,  the  dis- 
tinguished chemist,  was  the  first  to  suggest  the  use  of  lime  as  a 
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purifying  medium.  Olegg  also  invented  the  wet  gas  meter,  and 
evinced  infinite  resource  in  improving  the  apparatus  of  the  gas  factory 
in  every  department. 

In  these  respects  he  was  ahly  seconded  by  John  Malam,  who  now 
stepped  in  and  perfected  the  meter  in  such  a  way  as  to  render  it  one 
of  the  most  ingenious  measuring  appliances  of  this  or  any  past 
age.  The  arrangement  of  four  purifiers,  which,  with  the  centre 
valve,  holds  the  field  to  this  day,  was  also  the  product  of  Malam*s 
ingenuity. 

The  new  art  of  gas-lighting  was  fortunate  in  many  of  these  its  early 
exponents. 

The  *'  Chartered  *'  vessel,  launched  by  Winsor  and  others  associated 
with  him,  floundered  about  for  a  while  in  a  troubled,  and,  at 
times,  a  boisterous  sea,  due,  no  doubt,  to  the  inexperience,  but  largely 
also  to  the  incompetence,  of  some  of  those  in  charge ;  till,  at  length, 
the  skilful  pilotage  of  Samuel  Glegg,  who  eventually  assumed  the 
•command,  brought  her  into  smooth  waters. 

It  is  not  surprising  that  mistakes  were  made  at  first,  and  that  imme- 
diate success  failed  to  attend  the  early  efforts  of  the  promoters  of  gas 
enterprise.  The  art  was  a  new  one ;  nothing  akin  to  it  was  there  to 
.serve  as  a  model  or  afford  direction  and  guidance.  All  the  appliances 
of  manufiacture,  purification,  storage,  and  distribution  had  not  only  to 
be  made  but  invented.  The  prejudices  of  the  public,  too,  had  to  be 
overcome. 

Winsor,  with  the  best  intentions,  scarcely  helped  to  remove  those 
prejudices.  His  enthusiastic  advocacy,  with  something  of  foresight, 
had  in  it  much  of  unwisdom.  He  projected  the  wildest  schemes  of  gas 
onterprise  ere  yet  the  public— even  the  immediate  public  who  listened 
to  his  harangues  and  read  his  pamphlets — ^had  had  time  or  opportunity 
to  grasp  the  importance  of  the  subject. 

Gradually,  however,  confidence  was  established.  Distrust  gave 
way  to  admiration ;  for,  under  the  daily  improving  management,  the 
new  artificial  light  was  shown  to  be  not  only  cheaper  and  safer,  but 
vastly  superior  in  lighting  power,  cleanliness,  and  handiness,  to  any- 
thing previously  in  use. 

Other  companies  were  soon  established  in  the  Metropolis.  One  by 
one  (like  stars  coming  out  at  dusk)  the  larger  towns  of  the  kingdom  had 
each  its  gas  company,  lighting  the  public  streets  and  thoroughfares, 
jmd  supplying  its  growing  number  of  private  consumers. 
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Thus  the  new  art  grew  from  precarious  childhood  into  youth  and 
sturdy  manhood. 

It  is  not  too  strong  an  assertion  to  make,  that  gas-lighting,  during 
the  century  of  its  existence,  has  proved  one  of  the  greatest  boons 
enjoyed  by  civilized  humanity,  and  no  industry  that  can  be  named  has 
had  a  steadier  or  more  abundant  success. 

This  success  has  been  due  to  two  main  causes :  The  inherent  utility 
and  value  of  the  invention,  and  the  skill,  probity,  and  business  capacity 
of  most  of  those  who,  in  the  earlier  years,  took  a  leading  part  in  it& 
furtherance. 

The  progress  which  has  been  made  during  the  century  in  the 
machinery  of  gas  manuflGusture  is  very  striking.  This  has  not  been  a 
mere  advance  in  the  capacity  of  the  various  appliances  due  to  the 
growing  demand  for  gas-lighting  on  the  part  of  consumers,  but  is  a 
positive  revolution  in  constructive  detail. 

In  the  first  days  of  the  invention  the  retorts  used  were  of  iron,  and 
were  placed  in  the  vertical  position  in  the  furnace.  This  was  the^ 
mode  of  erection  which  would  be  naturally  adopted  at  first,  inasmuch 
as  it  would  lend  itself  to  convenience  in  depositing  the  charge. 

But  it  was  very  soon  found  that  the  difficulty  of  withdrawing 
the  residual  coke  was  such  that  an  alteration  in  the  position  was  an 
absolute  necessity.  Accordingly,  no  long  time  elapsed  before  the 
retorts  began  to  be  laid,  first  at  an  inclination,  and  then  horizontally ;. 
and  instead  of  only  one  retort,  two,  three,  and  eventually  five,  wera 
set  together  and  heated,  at  first  by  two  furnaces,  but  later  by  one 
furnace  only. 

This  was  a  manifest  improvement,  and  it  held  its  ground  for  many 
years.  At  the  present  time,  in  all  considerable  gas-works,  settings  of 
six,  seven,  eight,  nine,  and  even  ten  and  eleven  retorts  are  in  vogue. 

Gradually  it  was  found  that  a  high  temperature  was  necessary  for 
economical  distillation,  inasmuch  as  with  the  lower  ranges  of  tempera- 
ture it  was  seen  that,  instead  of  the  evolution  of  gas,  the  products 
were  largely  in  the  liquid  form. 

The  retorts  themselves  were  originally  of  cast-iron,  and  continued 
so  to  be  till  well  into  the  middle  of  the  century.  As  the  advantages 
of  the  higher  temperatures  of  distillation  began  to  be  recognized, 
these  were  gradually  replaced,  though  not  without  a  struggle,  by 
retorts  made  of  moulded  fire-clay,  or  built  up  of  segmentiJ  bricks 
and  tiles. 
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Instead  of  direct  firing,  the  regenerative  method  of  heating  the 
retorts,  whereby  the  solid  coke  is  converted  into  gaseous  fael  (CO),  is 
rapidly  becoming  generally  applied,  and  with  marked  advantage  from 
every  point  of  view. 

The  ironwork  mountings  of  the  retort  bench  have  undergone  consid- 
erable modification  and  improvement  during  the  century.  Self- 
sealing  lids,  the  invention  of  Mr.  Robert  Morton,  for  the  retort 
mouthpieces,  have  been  introduced.  The  ascension,  bridge,  and  dip 
pip^  have  been  modified  and  enlarged ;  and  the  hydraulic  main  is  now 
made  of  mild  steel,  and  of  an  improved  pattern.  Subsidiary  or  foul 
mains  have  been  added,  by  which  the  gas  and  denser  liquid  products 
are  conveyed  separately  away. 

The  problem  of  the  application  of  machinery  in  gas  manufacture, 
and  the  consequent  saving  of  manual  labour,  is  advancing  towards 
perfection.  This  was  the  dream  of  the  early  gas  engineers,  some  of 
whom  attempted  it  without  success.  With  an  ingenuity  and  persist- 
ency deserving  of  all  praise,  Mr.  John  West  has  devised  machinery 
for  stoking,  and  has,  year  by  year,  improved  both  his  hand  and  power 
charging  and  drawing  machines.  Mr.  William  Foulis  has  also  been  a 
pioneer  in  the  same  direction,  and  his  machinery  for  that  purpose 
finds  wide  acceptance. 

Inclined  or  sloping  retorts,  set  at  an  angle  of  80  to  88  degrees,  are 
the  latest  development  in  the  carbonizing  department  of  a  gas-works. 
Settings  of  this  kind,  employed  by  M.  Ooze,  of  Bheims,  attracted 
much  attention  about  eight  years  ago,  and  have  been  adopted  at  a 
number  ol  gas-works  in  this  country  and  abroad.  The  method  and 
appliances  for  charging  the  sloping  retorts  were  imperfect  and  unsatis- 
fauototj  at  the  beginning.  Charging  appliances  of  a  new  type  have 
been  introduced,  making  the  system  thoroughly  practicable.  Without 
doubt,  a  great  future  awaits  the  system,  as  it  simplifies  the  operations 
and  mitigates  the  labour  in  the  retort  house,  besides  increasing  the 
productive  capacity  of  the  available  floor  area.  The  idea  of  employing 
retorts  set  in  the  inclined  position  was  not  new,  but  an  impetus  was 
given  to  the  system  by  its  adoption  at  Bheims. 

Whether  it  will  ever,  be  possible  to  introduce  a  method  of  continuous 
carbonization,  the  fresh  coal  being  supplied  to  the  retort  and  the  coke 
discharged  automatically,  and  without  cessation  in  the  working,  it  is 
difficult  to  say.  Olegg  tried  it  and  fedled.  Other  attempts  to  that 
end  have  been  made,  but  hitherto  without  marked  success,  unless  the 
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**  Yeadon  "  system  may  be  considered  as  a  step  towards  a  solution 
of  the  problem.  This  has  some  good  points  in  its  favour,  but  it  has 
yet  to  be  perfected.  It  certainly  is  an  ingenious  attempt  to  compass 
that  which  earlier  inventors  fisiiled  to  accomplish. 

Msbchinery  and  appliances  for  the  conveyance  of  coal  and  coke,  and 
the  lime  and  oxide  used  in  purification,  from  one  point  to  another,, 
are  being  widely  and  successfully  applied,  and  are  fast  becoming  an 
important  labour-saving  agency. 

The  process  of  washing  the  gas  has  been  advocated  and  condemned 
by  various  authorities  at  different  periods.  Washing  was  common 
enough  in  the  early  days,  but  by  reason  of  a  supposed  deteriorating 
effect  on  the  illuminating  power,  it  was  discredited  for  a  time,  and 
scrubbing  by  an  intercepting  material  presenting  a  large  area  of 
wetted  surface  to  the  gas  was  preferred. 

The  view  has  eventually  prevailed  that  washing  as  well  as  scrubbing 
is  indispensable,  and  the  result  is  that  various  apparatus  to  accomplish 
this  object  have  been  introduced  with  excellent  effect. 

It  is  now  universally  admitted  that  washing  and  scrubbmg,  both 
with  clean  water  and  ammoniacal  liquor,  are  absolutely  necessary  in 
order  to  remove  the  lighter  tars,  and  arrest  the  ammonia  impurity,  as 
well  as  to  eliminate  a  proportion  of  the  sulphuretted  hydrogen  and 
carbonic  acid  from  the  crude  gas.  It  may  be  safely  asserted  that  the 
gas  of  to-day  as  suppUed  to  consumers  is  absolutely  free  from  the 
objectionable  ammonia,  with  the  further  advantage  that  this  is  secured 
for  sale  at  the  gas-works. 

The  same  can  be  said  as  regards  sulphuretted  hydrogen  and  carbonic 
acid.  In  all  well-managed  gas-works  these  impurities  are  unknown 
in  the  distributed  gas.  The  use  of  lime  secures  their  removal  with 
ease  and  certainty. 

Lime  was  the  only  medium  employed  for  arresting  sulphuretted 
hydrogen  in  the  earlier  days  of  gas-lighting,  till  Mr.  F.  C.  Hills  intro- 
duced the  use  of  hydrated  peroxide  of  iron  for  that  purpose;  and 
although  this  has  no  affinity  for  carbonic  acid,  the  latter  impurity  is 
taken  out  by  passing  the  gas  through  lime  either  in  the  first  instance, 
or  in  the  last  stage  of  purification. 

The  advantage  of  using  the  oxide  of  iron  is  its  economy,  as  it  can 
be  revivified  by  exposure  to  the  air  after  it  has  become  foul,  and  can 
be  used  over  and  over  again,  till  its  bulk  has  been  about  doubled  by 
the  presence  of  free  sulphur.      It  also  secures  another  important 
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desideratoin — the  redaoing  of  the  moontams  of  foul  or  spent  lime  that 
would  otherwise  acoumulate  in  the  gas  yard,  and  for  which  there  is 
no  great  demand  on  the  part  of  agrionlturists.  Tme,  a  process  of 
spent  lime  revivification  has  been  invented  by  Mr.  George  Hislop ; 
but  although  this  is  efficacious  in  action,  it  has  not  been  widely 
adopted. 

With  the  advent  of  Mr.  George  Livesey  as  Engineer-in-Ohief  of  the 
South  Metropolitan  Gas  Company,  a  new  era  in  gasholder  construction 
may  be  said  to  have  begun.  It  is  interesting  to  note  the  progress 
made  in  his  several  remarkable  structures.  The  first  of  Mr.  Livesey's 
notable  holders,  erected  at  the  Old  Kent  Boad  Station,  consists  of 
two  lifts.  It  is  180  feet  in  diameter,  and  the  two  lifts  rise  to  a  height 
of  90  feet  when  fully  inflated,  the  capacity  being  2  million  cubic 
feet.  His  next  holder  at  the  same  station  has  a  diameter  of  214  feet, 
is  in  three  lifts,  and  stands  when  full  at  a  height  of  160  feet,  having 
a  capacity  of  6^  million  cubic  feet.  The  third  one,  erected  at  East 
Greenwich,  is  in  four  lifts,  260  feet  in  diameter,  and  rises  to  a  height 
of  180  feet,  its  capacity  being  8^  million  cubic  feet.  The  latest  and 
largest  gasholder  in  the  world  is  also  erected  at  East  Greenwich.  This 
is  a  veritable  monster  in  size,  being  800  feet  in  diameter,  having  no 
fewer  than  six  lifts,  and  rising  when  inflated  to  a  height  of  180  feet ; 
its  capacity  being  12  million  cubic  feet. 

But  it  is  not  their  size  only  which  makes  these  enormous  vessels 
remarkable  ;  their  structural  features  are  equally  noteworthy.  Instead 
of  the  usual  guide  framing  consisting  of  columns  or  standards  of 
large  bulk  and  weight,  Mr.  Livesey  in  his  later  structures  introduced 
a  guide  framing  consisting  of  comparatively  light  members,  the 
standards  being  braced  together  by  diagonals,  and  horizontal  struts. 

Although  the  two  holders  last  referred  to  are  of  four  and  six  lifts 
respectively;  the  guide  framing  is  not  carried  up  to  the  full  height 
reached  by  the  inflated  vessels.  In  the  first,  the  inner  or  top  lift 
rises  beyond  the  framing ;  and  in  the  second,  the  two  innermost  lifts 
ascend  above  the  summit  of  the  framing,  their  stability  under  wind 
pressure  being  sufficiently  assured  on  cupping  by  the  limited  guide 
framing  applied. 

Whether  the  last  mentioned  vessel  at  East  Greenwich  will  ever 
suffer  eclipse  by  a  larger  one  remains  to  be  seen ;  but  certainly  it  is 
safe  to  assert  that  it  never  entered  into  the  dreams  of  the  most 
advanced  gas  engineers  of  the  first  half  of  the  century  that  holders  of 
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anything  like  the  enormous  proportions  named  would  be  called  into 
existence. 

There  is  neither  the  scope  nor  the  necessity  in  the  provinces  for 
holders  of  the  size  of  the  last  named,  but  Mr.  Charles  Hunt,  at  the 
Windsor  Street  Station  of  the  Birmingham  Corporation  Gas- Works, 
has  recently  erected  two  with  a  capacity  of  6^  million  cubic  feet  each. 
These  are  in  three  lifts,  rising  to  a  total  height  of  150  feet,  the 
diameter  of  the  outer  hft  being  286  feet  in  each  instance. 

A  remarkable  innovation  in  gasholder  guiding,  by  which  the  upper 
framing  is  dispensed  with  altogether,  is  due  to  the  inventive  genius 
of  Mr.  William  Oadd,  of  Manchester.  Mr.  Qadd  solved  the  problem 
in  a  variety  of  ways.  First,  by  means  of  torsional  and  tensional 
gearing  fixed  round  the  tank,  and  attached  to  the  holder  or  floating 
vessel  at  its  base;  but  more  especially  by  the  introduction  of  spiral 
guide  rails  fixed  to  the  sides  of  the  tank  or  attached  to  the  sides  of 
the  holder  im  a  diagonal  direction.  The  simplicity  of  this  latter  device 
is  so  self-evident  that  it  is  matter  for  surprise  it  had  never  been 
previously  applied  or  thought  of.  The  first  holder  of  this  class  was 
erected  at  Northwich,  in  Cheshire,  by  Clayton,  Son,  &  Co.,  Ltd.,  of 
Leeds,  having  been  designed  from  the  inventor's  patent  specification 
by  the  present  writer. 

As  frequently  happens  in  other  cases,  there  were  other  minds 
simultaneously  engaged  in  the  solution  of  the  problem  of  guiding 
holders  without  upper  framing.  Mr.  E.  L.  Pease,  of  Stockton-on-Tees, 
invented  a  system  of  guiding  by  means  of  wire  rope  gearing,  which 
has  been  largely  adopted ;  and  Mr.  J.  W.  Terrace,  of  Brechin,  also 
devised  a  means  of  guiding  by  shafting,  screws,  and  wheels.  Mr. 
Gadd's,  however,  was  the  patent  first  in  the  field. 

In  the  distribution  department  the  improvements  have  been  in  the 
direction  of  efficiency  rather  than  novelty.  An  exception  to  this 
statement  must  be  made  in  regard  to  the  jointing  of  main  pipes.  The 
open  joint,  filled  either  with  lead  or  some  kind  of  cement  caulking, 
was  general  down  to  the  introduction  of  the  turned  and  bored  joint  by 
Mr.  Alfred  King,  of  Liverpool,  about  the  year  1826.  This  was  without 
question  a  step  in  advance,  and  although  there  are  engineers  who  still 
prefer  the  open  joint,  the  preference  arises  more  from  prejudice  than 
experience  and  knowledge.  The  turned  and  bored  joint,  with  a  recess 
in  front  for  filling  with  cement  or  lead,  is  the  most  perfect  joint 
possible  for  mains. 
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There  can  be  no  doubt,  alao,  that  much  of  the  sacoess  of  the  coal 
gas  industry  is  due  to  the  adoption  of  enlarged  mains  and  service 
pipes,  as  compared  with  the  restricted  sizes  in  use  from  twenty-five  to 
thirty  years  ago ;  admitting,  as  they  do,  of  a  redaction  in  the  pressore, 
with  a  consequent  reduction  of  loiBS  by  leakage,  and  an  increased 
illuminating  value. 

In  street  lighting  a  marked  advance  has  been  witnessed.  Perhaps 
this  is  due  to  some  extent  to  the  threatened  competition  of  the  elec- 
tric light.  Tears  ago  Mr.  William  Sugg  introduced  his  large  argands 
for  street  lighting.  These  undoubtedly  gave  a  magnificent  light,  but 
the  difficulties  attending  the  regulation  of  the  flame  at  varying  pres- 
sures proved  an  impassable  obstacle  to  their  success,  and  they  were 
finally  abandoned. 

These  were  succeeded  by  the  triform  arrangement  of  large  flat- 
flames,  introduced  almost  simultaneously  by  Mr.  Sugg  and  Mr.  George 
Bray.  For  the  illumination  of  streets,  squares,  and  other  wide  open 
spaces  they  are  admirably  adapted. 

The  Welsbach  system  of  incandescent  gas  lamps,  introduced  in  the 
year  1887,  has  created  a  veritable  revolution  in  domestic  lighting,  and 
it  bids  fair  to  revolutionize  the  lighting  of  streets  also.  The  success 
of  the  invention  has  been  as  great  as  it  is  deserved ;  not  only  is  the 
gas  economized  by  its  use,  but  the  illuminating  value  of  the  light  is 
increased  to  the  extent  of  800  to  400  per  cent. 

The  use  of  gas  for  cooking  and  heating,  for  the  production  of  motive 
'  power,  and  for  workshop  purposes,  has  made  vast  strides  of  recent  years. 
Fires,  stoves,  and  ranges  of  flJl  sizes  and  of  excellent  design,  are  produced 
by  a  number  of  first-class  makers.  The  Otto  gas  engine,  as  made  by 
Chrossley  Brothers,  has  settled  beyond  question  the  economy  and  value 
of  gas  for  motive  power.  Other  makers  of  similar  engines  of  great 
excellence  are  numerous.  In  the  application  of  gas  to  industrial  uses 
generally,  the  ingenuity  of  Mr.  Thomas  Fletcher  has  found  an  outlet. 
In  all  these  directions  the  field  may  be  pronounced  limitless. 

The  invention  and  introduction  of  the  prepayment  meter  has 
encouraged  the  use  of  gas  by  the  poorer  class  of  consumers,  and  here 
also  it  is  difficult  to  conceive  of  a  limit  to  gas  enterprise. 

In  no  department  of  the  gas  industry  has  there  been  so  remarkable 
a  development  as  in  that  of  dealing  wiUi  the  residual  products.  There 
is  absolutely  no  waste  in  a  well-managed  gas-works.  Everything  is 
utilized,  even  to  the  dross  yielded  by  the  furnaces.    This  much  can 
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hardly  be  asserted  of  any  other  industry  in  existence,  and  this  &ct 
should  be  borne  in  mind  by  those  who  are  sometimes  inclined  to  decry 
the  administrators  of  gas  undertakings. 

The  tangible  result  of  it  all  is,  that  gas  property  has  attained  to  a 
reputation  for  value  and  stability,  scarcely  exceeded  by  any  other 
means  of  investment  outside  the  Funds,  and,  competition  notwith- 
standing, there  is  ground  for  confidence  that  it  will  continue  to 
maintain  its  deserved  popularity. 


COAL. 


The  geological  position  of  coal  in  the  earth's  crust  is  shown  in 
the  annexed  tabular  view  of  the  trias,  permian,  and  carboniferous 
series  in  England  and  Wales,  by  Professor  Hull : — 

( Red  marl. 


New  red  sandstone  or  trias 


Permian  rocks 


Carboniferous 
rocks« 


^     1  Lower  Keuper  sandstone. 
[Upper  mottled  sandstone. 
Bunter   j  Conglomerate  beds. 

iLower  mottled  sandstone. 
Upper  red  sandstone  of  St.  Bees,  &Cf 
Upper  and  lower  magnesian  limestones  and  marls  of 

the  Northern  counties. 
Lower  red  sandstone  of  Lancashire,  Cumberland,  and 

Yorkshire,  <kc.  (on  the  same  horizon  with) 
Red  sandstones,  marls    conglomerates,  and  breccia, 
of  the  central  counties  and  Salop. 

Upper    coal-measures,  with    lime- 
stone, and  thin  coal  seams. 
Middle  coal-measures,  with   thick 

coal  seams. 

/Lower  coal-measures,  or  Qannister 

series,  with  thin  coal  seams  and 

lower  carboniferous  fossils. 

Millstone  grit,  with  thiu  coal  seams. 

Upper  limestone  shale,  or  Yoredale 

rocks. 
Carboniferous  limestone  with  shales, 
sandstones,  and  coal  in  the  Nor- 
.     them  counties  and  Scotland. 
\Lower  limestone  shale. 
Old  red  sandstone  and  Devonian  rocks. 


Upper 
carboniferous 


Lower 
carboniferous 
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The  area  of  the  coal  measures  in  the  United  Kingdom  is  as 
follows: — 


Area  of  Coal  Measures. 

Entire  Area  of  Ooontry. 

Proportion  of 

Square 
Miles. 

Aores. 

Acres. 

Bqaare 
Mfles. 

Coal  to  the 
whole. 

In  England    .... 
In  SooUand  &  Islands, ) 

InNorth  Wales.    .    . 
In  Bonth  Wales .    .    . 

In  Ireland 

In  Islands 

6,089 

1,720 

210 

960 

2,940 

11,859 

8,864,960 

1,100,000 

184,400) 
608,000) 
1381,600 

81,770,616 
18,944,000 

4,762,000 

20.899,608 
1,119,169 

49,648 
29,600 

7,426 

31,874 
1,748    . 

l-8th 
1.18th 

1.6th 
l-llth 

Total    .    .    . 

7,688,960 

76,986,882 

120,290 

— 

Bxolnsive  of  wood^x>al  and  lignite  formations,  and  some  small 
nndeflned  areas. 


The  chief  kinds  of  coal  in  the  United  Kingdom  are — 

Canael  or  Parrot  Coal. — This  is  the  richest  gas-producing 
coal,  and  is  easily  distinguished  by  its  hard,  smooth  texture.  The 
best  varieties  are  found  in  different  parts  of  Scotland,  in  Wales,  and  at 
Wigan  and  Newcastle  or  their  neighbourhood.  The  latter  two  yield 
coke  of  fair  quality ;  that  from  the  other  is  less  valuable,  and  much  of 
it  is  useless  as  fud. 

Bituminous  Coal. — For  gas  producing  purposes  the  coal  most 
suitable  is  the  bituminous  class,  which  includes  caking,  splint,  cherry, 
and  other  coals  containing  bitumen.  It  is  found  widely  distributed 
throughout  the  kingdom,  in  Yorkshire,  Lancashire,  Cumberland, 
Northumberland,  Durham,  Derbyshire,  Staffordshire,  Gloucestershire, 
Somersetshire,  portions  of  Scotland  and  Wales.  It  yields  coke 
generally  of  excellent  quality. 

Aatiiracite  or  Glance  Coal. — This  is  chiefly  Welsh,  containing  a 
large  proportion  of  fixed  carbon  (over  90  per  cent.)  and  but  little 
volatile  matter.  It  glows  rather  than  flames  in  burning,  and  is  almost 
smokeless.    It  is  excellent  for  steam  raising  purposes  and  domestic 
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use  where  a  good  draught  is  available,  but  is  quite  useless  for  the 
production  of  illuminatiiig  gas. 

Lignite  or  Brown  Coal. — This  is  found  at  Bovey  Traoey,  in 
Devonshire,  in  a  small  field  near  Lancaster,  and  near  to  Lough  Neagh, 
in  Lreland.  It  yields  but  little  gas,  and  that  of  a  low  illuminating 
power  and  very  unpleasant  odour.  In  distillation  it  gives  off  a  large 
quantity  of  water  charged  with  acetic  acid,  and  the  residual  coke  is 
valueless  as  fuel.  It  is,  therefore,  of  no  great  interest  to  the  gas 
maker. 

The  tables  annexed  show  the  specific  gravity  of  coals,  the  chief 
substances  of  which  they  are  composed,  and  their  yield  of  coke  per 
cent. : — 

NEWCASTLE    COALS. 


Nome  of  Coal. 

Gra- 
vity. 

Car- 
bon. 

Hy. 
dro- 
gen. 

Nitro- 
gen. 

Sul- 
phur. 

Oxy. 
gen. 

Alb. 

Coke. 

WiUingtoD     ... 

86-81 

4-96 

1-05 

0-88 

6-22 

1-08 

72- 19 

Tanfield 

1-26 

86-68 

6-31 

1-26 

1-82 

4-89 

2-14 

66-18 

Bowden  Close    .    . 

84-92 

4-63 

0-96 

0-66 

6-66 

2-28 

69-69 

Haaweli  W&lUend  . 

1-28 

83-47 

6-68 

1-42 

0*06 

8-17 

0-ao 

62-70 

Newcastle  Hartley. 

1-29 

81-81 

6-60 

1-28 

1-69 

2-68 

7-14 

64-61 

Hedley'B  Hartley   . 

1-bl 

80-26 

6-28 

1-16 

1-78 

2-40 

9-12 

72-81 

Bates's  West  Hartley 

1-26 

80-61 

6*26 

1-62 

1-86 

6-61 

4-26 

•  • 

West  Hartley  Main 

1-26 

81-86 

6-29 

1-69 

1-13 

7-68 

2-61 

6920 

OriKinal  Hartley    . 

1-26 

81-18 

6-66 

0-72 

1-44 

803 

8-07 

68-22 

from  different  mines  .    . 

1-25 

8212 

6-81 

1-36 

1-24 

.6-69 

8-77 

60-67 

LANCASHIRE   COALS. 


Ince  Hall  Company's  Arley. 

Haydook,  Busbey  Park   .    . 

Blackbrook,  Little  Delf  .    . 

Wigan  four  feet 

„      Cannel 

CiJdwell  and  Thompson's 
HifrberDelf 

Avei  age  of  twenty -eight  sam- 
ples from  different  mines . 


1-27 

82-61 

6-86 

1-76 

0-80 

7-44 

1-63 

1-82 

77-66 

6-63 

0-60 

1-78 

10-91 

3-88 

1-26 

82-70 

6-66 

1-48 

107 

4-89 

4-31 

1-20 

78-86 

6-29 

0-86 

1-19 

9-67 

4-23 

1-23 

79-28 

6-08 

1-18 

1-43 

7-24 

4-84 

1-27 

76-40 

4-83 

1-41 

2-48 

19-98 

6-96 

1-27 

77-90 

6-32 

1-30 

1-44 

9-58 

4-88 

64-00 
69-40 
68-48 
60-00 
60-33 

64-90 

60-98 
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DERBYSHIRE    COALS    (Piddes). 


MuneotCkML 

Gra- 
vity. 

0«r. 

bon. 

Hy. 

dro- 
gen. 

Nitro- 
gen. 

Sal- 
phnr. 

Oxj- 
gen. 

Ash. 

Coke. 

HolyUnd  and  Go.'tt  Blseoar 
BatterleyOo.'BLangley  .    . 

Steveley 

Aveimge  of  seven  eamplee 
from  different  mines  .    . 

1-296 
1-817 
1-264 
1-270 

1-292 

81-98 
80-06 
77-97 
79-86 

79-68 

4-86 
4-98 
6-68 
4-84 

4-94 

1-27 
1-24 
0-80 
1-28 

1-41 

0-91 
1-06 
114 
0-72 

101 

8-58 

8-99 

9-86 

10-96 

10*28 

2-46 
8*78 
4*66 
2-40 

2-66 

61-60 
62-60 
64-90 
67*86 

69-82 

GLOUCESTERSHIRE     COALS. 


Ooleford  High  l!>elf  (Forest 


Trenohard 

New  BowBon,  Ginderford 


Parkfield 
Hanham 
Warmley 


1-219 
1*818 
1-881 
1*864 
1*864 
1-882 
1*307 
1*874 
1-277 
1*804 


78*810 
76*602 
74*410 
74*464 
80-709 
76-860 
79-810 
32*069 
/6*840 
82*410 


6*808 
6*880 
4*470 
6*292 
6*426 
6-480 
6*260 
5*618 
4*680 
4-870 


760 
090 
700 
611 
786 
680 
260 
940 
680 


2*062 
1*669 
2*870 
2-667 
1*271 
1*940 
0*860 
1*467 
2*440 


770  0*870 


9*066 
8*669 
8*840 
6*881 
7-060 
9*880 
9*100 
6-391 
6-480 
6*230 


8*020 
6-700 
9*210 

10-235 
4-800 
4-760 
4*230 
8-680 

11-480 
6-850 


68-97 
62-60 
69*76 
60*86 
68*88 
68*24 
69*22 
60-97 
68-86 
71-16 


SCOTCH    COALS, 


Bo^ieed  .  .  . 
Wallsend  Elgin . 
Grangemoutn  . 
Sainton   .    .    . 


1*218 
1-200 
1-290 
1*260 


63-930 
76-090 
79-850 
80-080 


8-858  0-962 


6-220 
6-280 
6-500 


1-410 
1-850 
1*650 


0-320 
1-630 
1-420 
1-380 


4-702,21-222 
6060 10-700 


8-680 
8-060 


3-520 
2-440 


31*70 
58*45 
66-60 
54-94 


WELSH    COALS   (Piddesl. 


Aberaman.  Mertb3rr  .  . 
Aberdare  uo.,  Merthyr  . 
Anthracite  (Jones  &  Ck>.) 

ColeshiU 

Llantwit 

Nantgarw  Llantwit  .  . 
BhosTilantwit  .... 

n  »»  .... 

Hoby  Bnsh 

TyrFilkens 

LluihiUeth 

AberBhondda  .... 

Fo&typridd 

WaUsend 

Bnerglyn 

Bock  vawr    ..... 


1-800 

90*940 

4-280 

1*210 

1*180 

0-940 

1-460^ 

1-310 

88-280 

4-240 

1*660 

0*910 

1*650 

3-260 

1*375 

91-440 

3-460 

0*210 

0*790 

2*580 

1*520 

1*290 

73-840 

5-140 

1*470 

2*840 

8-290 

8-920 

1-273 

77*410 

5-558 

0-560 

2*866 

12-062 

2-050 

1-262 

77-810 

6-642 

0*420 

2-037 

10-866 

4-225 

1-326 

79-130 

6-610 

0-700 

8-450 

7-330 

3-780 

1*282 

76*996 

5*455 

0-700 

1*643 

12-875 

2-332 

1*302 

75*462 

6*497 

0-840 

2*312 

13-023 

2-876 

1-302 

73-410 

6*507 

0-350 

2*414 

14-276 

4-043 

1-269 

80*134 

6*046 

0*618 

2-279 

8-622 

8-502 

1-368 

82-117 

6*064 

0*695 

2-637 

6-794 

8-903 

1*274 

87-640 

6-086 

1*120 

1-636 

2-209 

1-310 

1-820 

80-676 

6*082 

0*910 

8-675 

2*768 

6-895 

1-311 

79-820 

6-470 

0*700 

3-960 

3-750 

6*310 

1-817 

78-270 

6*380 

0-770 

1-860 

8-900 

4-820 

1*312 

88*120 

6*840 

0*980 

1-870 

6-890 

2-800 

l*290l 

77-?»ftO 

4-890l 

0-570l 

0-960 

8-660 

7-fifiO 

86-00 
85*88 
92*90 
66*00 
64-70 
56*82 
61*67 
63*30 
68*08 
66*82 
74-42 
64-86 
70-39 
70-81 
66*80 
66*00 
71-80 
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The  specific  gravity  both  of  cannel  and  bitaminoas  coals  averages 
about  1-270,  distilled  water  at  62^  Fahr.  being  1-000. 

The  proportion  of  ash  in  the  better  class  of  bitaminoas  coals 
Averages  2*5,  and  in  the  residual  coko  8*75  per  cent.  In  cannel,  the 
proportion  of  ash  is  much  greater. 

The  colour  of  the  ash  varies,  according  to  the  nature  of  its  con- 
stituents, from  white,  through  all  the  gradations  of  grey,  cream  colour, 
fawn  colour,  yellow,  pink,  red,  to  deep  red  and  brown. 

The  following  is  an  analysis  of  the  ash  of  a  good  Newcastle 
coal: — 

Percent. 

SiUca 59-56 

Alumina    .......       12-19 

Peroxide  of  iron  .         .         .         .         .         .15-96 

Lime 9-99 

Magnesia  .......         1*18 

Potash 1-17 


100-00 


The  proportion  of  sulphur  in  fourteen  samples  of  cannel  averaged 
1*21,  and  in  forty-two  samples  of  bituminous  coal  1*812  per  cent. 
In  the  same  samples  the  volatile  matter  and  coke  were  as  follows : — 


Volatile  BiaUer. 

Betidaal  Coke. 

Per  cent. 

Per  cent. 

Cannel 

.         . 

.       44*71 

55*29 

Bicumino 

us  coal. 

.       84*72 

65-28 

Every-day  experience  shows  that  variations  occur  in  the  quality  of 
the  coal  obtained  from  the  same  seam  and  in  the  same  locality.  The 
identical  seam  of  coal  also  varies  in  quality  in  different  districts. 

Coal  got  from  those  parts  of  the  bed  where  the  seam  is  thickest  is 
more  likely  to  possess  uniformity  of  structure  than  that  got  near  to  the 
circumference  of  the  basin. 

Mr.  E.  W.  Binney's  observations  led  him  to  the  conclusion  that 
seams  of  coal  are  materially  affected  by  the  nature  of  the  super-imposed 
strata.  If  this  is  4>f  an  open  character,  such  as  sandstone,  the  gaseous 
matter  can  readily  escape.  On  the  other  hand,  if  the  roof  is  of  almost 
air-tight  black  shale  or  blue  blind,  the  gas  is  retained. 

Further,  it  is  not  unreasonable  to  infer  that  the  vegetable  matter  of 
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which  coal  is  composed  would  be  deposited  irregnlarly.  For  example, 
daring  the  ages  of  primeval  vegetable  growth,  a  larger  proportion  of 
leaves  would  be  deposited  in  some  places  than  in  others  where  the 
deposits  of  bark  and  cellular  tissue  would  be  in  excess.  These  con- 
ditions would  naturally  tend  to  produce  variations  in  quality. 

In  seams  of  cannel  there  is  more  uniformity  of  quality  than  in 
those  of  ordinary  coal,  due  to  the  circumstance,  as  is  supposed,  of 
their  having  been  formed  from  vegetable  matter  long  macerated  in 
water,  thus  insuring  a  more  intimate  admixture  of  the  vegetable 
substances. 

It  is  well  known  that  variations  in  the  gas-producing  qualities  of 
coal  are  caused  by  the  material  having  been  stacked  for  a  length  of 
time  on  the  pit  bank. 

It  is  important  that  the  coal  which  is  to  undergo  distillation  should 
be  clean  and  dry. 

When  coal  in  a  wet  or  moist  condition  is  placed  in  the  retorts,  the 
results  are  unsatisfactory  in  several  respects. 

In  the  first  place,  the  temperature  of  the  retorts  is  reduced,  and,  as 
a  consequence,  extra  fuel  is  consumed  in  restoring  the  temperature, 
and  in  drying  the  coal  by  evaporating  the  moisture  and  driving  it  off 
as  steam  before  the  coal  is  in  a  fit  condition  to  undergo  destructive 
distillation. 

Again,  a  portion  of  the  moisture  or  steam  is  decomposed  in  contact 
with  the  sulphide  of  iron  produced  by  decomposition  from  the  bisul- 
phide of  iron  or  iron  pyrites  contained  in  the  coal.  The  oxygen 
combines  with  the  iron,  forming  the  oxide  of  that  metal,  and  the 
hydrogen  with  the  sulphur,  producing  sulphuretted  hydrogen.  Bisul- 
phide of  carbon  and  other  sulphur  compounds  are  also  formed  in 
considerable  volume. 

In  this  way  the  whole  of  the  sulphur  present  in  the  coal  is  caused 
to  pass  off  into  the  gas,  and  has  to  be  subsequently  removed  in  the 
process  of  purification,  thus  increasing  the  cost  of  manufacture. 

On  the  other  hand,  when  the  coal  is  distilled  in  a  dry  condition, 
rather  more  than  one-half  of  the  sulphur  present  is  left  behind  in  the 
residuary  coke. 

Sulphur  exists  in  cannel  in  the  free  state,  and  in  bituminous  coals 
chiefly  in  combination  with  iron,  as  pyrites  or  bisulphide  of  iron, 
FeSa,  fti^d  this  in  the  retort  is  converted  into  sulphide  or  proto- 
sulphrret  of  iron,  FeS. 


16 


NEWBIGCHNO'S   HANDBOOK   FOB 


CO 

•J 

Z 

z 
< 
o 

Q 

z 
< 

CO 

•J  .: 

O    S    CO 

g  J 

fa  S  < 
OSziO 

CO  ^ 

H  ^  to 

to  e  <: 

5  - 

z 

O 

u 

H 
S 

o 

CO 


|IM 


m 


¥m 


5(1.0^ 


1|! 


I 

m 


9S3   ^SS^^^^  S  :;iSS9^S 

a»  09  do  CO  ^  ^  09  en  iH  lb  G<i   ^  d9«3^(b^oe9ao 


lillllliill  I  i.llPJJ.1151 


fSS^SSS^^^S  P  ^$SSSSS^  :?8 


■^        rl        iH        fH        C«0O 


lilillilsii  ^ liillilllil 


do  do 'H  t- do  do  do  £j  2j  «b  lb  dc  ^  t»  b- 1*  t*  6>  do  t*  t»  t- « 


oocc 


SiiiiliiSii 


fe 


:-  • . .  .| . 

h  ^ '  If 

Ij  III!  iiii  I  |i|i.iiti|ii 


li 


1-? 


II 


h 


GAS   ENGINEEES   AND  MANAGERS. 


17 


z 
z 
< 
u 


ts^ 


n 


OQ<S 


a 


««0»^gjgOggOggOO«.^^0^ 


lililiiAilSiiliiil^^^ 


^SSq^SS;???:?:?!  :a2??8  :  :  :  :i 


i-<  fH  Q«  fH  iH  »-l 


>O^Q 


2^ 


alalia 


0*25  0  0, 


*s  > «  s 


liiliiliiiglisiiisllsll 

i-l^^rHrH  fHfH        fH        i^  fH        ^  fH  r-1  fH  iH 


ass&ii^ssssgi^^sassiijaas^si 


^  3  00  o  o  ^«j  o  t>  o5  55  o5  c5  o  »^o>^*^'^®  «  o6  o>  t* 
»HcCc«-^cfcfc>0'-^^orcCoroorHO'*"o«''i*(N'v'*'^ 


^o— •  »Qaooo ''I'Oosb-oQ -^  a-^-*®  cooo  coo 


I 

u 

» 

a 


a 


.-a 


00 
•  *  w    •    •    'tj    •    *    • 


I 


11 


o 

r 
"M   -^    a§>. 

f  Ip  111 

3Jl  -^sl 


i. 


a 


f»|§  i^  MiSI  a  si's  s-l  i  llS-i  e 


18  NEWBIOGING'S   HANDBOOK   FOR 

The  Storage. of  Coal. — In  gas  making  it  is  economioal  to  use 
the  coal  as  fresh  as  possible  from  the  pit ;  but  to  be  prepared  for  emer- 
gencies, the  covered  storage  room  for  coal  and  cannel  should  be  of 
capacity  sufficient  to  contain  from  six  to  eight  weeks*  stock  of  the 
material,  reckoned  on  the  basis  of  the  heaviest  day's  consumption  in 
winter. 

An  exception  to  this  rule  may  be  made  in  the  case  of  gas-works 
situated  in  the  immediate  vicinity  of  the  coal  fields  from  which  the 
supply  is  derived.  Under  such  circumstances,  provision  for  two  or 
three  weeks*  stock  is  ample. 

In  storing  coal  48  cubic  feet  of  space  per  ton  is  required. 

All  kinds  of  coal  suffer  deterioration  by  exposure  to  the  weather, 
both  as  regards  their  heating,  coking,  and  gas-yielding  qualities. 

When  coal  is  so  exposed,  being  stored  in  the  open  air  without  any 
protecting  covering,  it  is  not  only  liable  to  be  wetted  by  rain  on  its 
outer  surface,  but  it  also  absorbs  and  retains  moisture  within  its 
structural  interstices. 

The  effect  of  this  excess  of  moisture  is  to  cause  disintegration, 
reducing  the  size  of  the  lumps,  and  converting  them  to  a  considerable 
extent  into  dust  and  coom. 

The  exposure  of  the  coal  in  the  winter  season  in  this  climate  is,  of 
coarse,  the  most  objectionable  as  regards  disintegration.  In  hot 
climates  the  intense  heat  of  the  sun  produces  the  disintegration.  ' 

The  ill-effects  of  this  absorption  of  moisture  do  not  end  there. 
Oxidation  of  the  particles  of  the  coal  also  ensues ;  and  as  this 
is  only  another  name  for  eremacausis  or  slow-burning,  the  material 
is  not  only  reduced  in  weight,  but  its  gas-producing  power,  both 
as  to  quantity  and  quality,  and  its  coking  qualities,  are  greatly 
impaired. 

An  absolute  loss  of  weight,  due  to  the  evaporation  or  slow  com- 
bustion of  the  more  volatile  constituents,  is  also  experienced. 
This  is  particularly  the  case  with  bituminous  or  caking  coal ;  cannel 
suffers  next  in  degree;  and  anthracite  the  least*  Varrentrapp 
found  in  one  instance  that  coal  which  had  been  exposed  for  some 
years  to  the  weather  had  diminished  in  weight  to  the  extent  of  88*08 
per  cent. 

Wet  or  damp  coal  not  only  yields  less  gas,  but  gas  of  an  inferior 
quality.    The  sulphur  impurities  given  off  from  it  are  more,  thus  * 
augmenting  the  cost  of  purification;  whilst  some  of  the  sulphur 
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oompoonds — ^notably  bisulphide  of  carbon — are  not  removable  except 
by  a  greatly  increased  area  of  purification  beyond  what  is  to  be  found 
in  most  gas-works. 

Spontaneous  Ignition  of  Coal. — Coal  containing  a  large  propor- 
tion of  iron  pyrites  (bisulphide  of  iron),  commonly  called  '<  brasses," 
when  stored  in  a  compact  mass  in  a  wet  or  humid  state,  is  liable  to 
spontaneous  ignition.  This  is  not  an  unusual  occurrence  in  the 
experience  of  the  gas  manager.  The  indications  that  combustion  has 
begun  are  a  sensible  rise  in  the  temperature  of  the  coal  store,  a  sickly 
odour,  and  a  choking  or  smothering  sensation  in  drawing  breath. 

There  is  this  liability  to  spontaneous  ignition  in  almost  all  bitu- 
minous coals  of  a  friable  nature.  It  is  due  to  more  than  a  single 
cause.  It  may  arise  from  the  condensation  of  oxygen  within  the  pores 
of  the  carbonaceous  particles,  just  as  oily  cotton  waste  will  fire  spon- 
taneously in  the  same  way  by  the  rapid  absorption  of  oxygen.  Accord- 
ing to  Professor  Abel  and  Dr.  Percy,  water  or  moisture  does  not 
accelerate,  but  rather  retards,  spontaneous  ignition  under  these  cir- 
cumstances. 

The  danger  of  firing  is  greatest  with  those  coals  which  contain  a 
large  proportion  of  iron  pyrites  in  the  shape  of  nodules,  or  '<  brasses,*' 
as  they  are  called,  and  which  are  stored  in  a  deep  mass  in  the  wet 
condition.  These  '<  brasses  '*  become  oxidized  by  the  atmospheric  oxygen 
dissolved  in  the  water  with  which  the  coal  is  saturated ;  and  the  heat 
thus  generated  raises  the  temperature  of  the  coal  to  ignition  point. 

Notwithstanding  a  conflict  of  opinion  on  the  subject,  we  believe 
that  the  best  remedy  for  this  is  ventilation. 

Various  expedients  are  resorted  to  for  effecting  this  object,  amongst 
which  may  be  mentioned  the  insertion  in  the  mass  of  coal  of  perforated 
iron  pipes  with  the  ends  exposed;  coarse  wickerwork  baskets,  with- 
out bottoms,  are  used  with  good  results ;  and  ventilating  shafts  of 
brick,  or  venetianed  shafts  of  wood,  both  horizontal  and  vertical,  have 
proved  efficient.  Unless  the  ventilation  is  thorough,  however,  the 
admission  of  air  will  do  more  harm  than  good,  as  a  sluggish  current 
will  not  reduce  the  temperature,  but  rather  tend  to  develop  and 
increase  it. 

A  thermometer  let  down  through  the  pipes  or  shafts  will  indi- 
cate any  rise  of  temperature,  and  iron  rods  thrust  into  the  mass  of 
66al,  when  withdrawn  and  touched  by  the  hand,  will  answer  the  like 
purpose. 

c2 
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When  the  pyrites  are  present  to  a  serious  extent ,  the  coal  should  be 
hand-picked,  either  at  the  colliery  or  when  discharging  at  the  gas- 
works. It  is  only  sheer  necessity,  however,  that  will  justify  the  em- 
ployment of  coal  of  this  character  for  gas-making  purposes. 

The  Oases  Occluded  in  Coal. — Besides  the  liability  to  sponta- 
neous combustion  or  ignition,  there  is  another  strong  reason  why  coal 
should  not  be  stored  in  the  open  air,  nor,  indeed,  under  cover,  for  a 
longer  time  than  is  absolutely  necessary. 

In  all  bituminous  coals  a  constant  chemical  change  is  in  progress, 
by  which  gas  is  being  liberated.  This  gas,  though  frequently  several 
times  the  volume  of  the  coal,  is  condensed  within  the  solid  substance, 
being  occluded  or  enclosed  therein,  until  by  diffusion  it  escapes  into 
the  air,  and  to  such  extent  the  coal  is  depreciated  for  gas  making. 

In  warm  weather  and  in  hot  climates  this  deterioration  proceeds 
more  rapidly  than  in  low  temperatures. 

Dr.  Lyon  Playfiedr  and  others  in  this  country,  and  Dr.  E.  von  Meyer 
in  Germany,  have  investigated  the  subject ;  and  the  subjoined  table  by 
the  latter  shows  the  quantity  and  composition  of  the  gas  so  occluded, 
obtained  from  freshly  raised  samples  of  coal  submitted  to  him  for 
analysis. 

The  plan  adopted  was  to  place  100  grammes  of  the  coal  in 
hot  de-a^rated  water,  which  was  then  boiled  as  long  as  any  gas  con- 
tinued to  be  given  off,  and  the  gas  collected  was  analyzed  by  Bunsen's 
methods. 

Fathoms 

Samples  of  Coal  Submitted.  from 

Snrfaoe. 

No.  1.  Low  Main  Seam,  Bewick  Colliery,  Newcastle.  .  . 

2.  Maudlin  Seam  ditto  ditto  .  .  . 

8.  Main  Goal  Seam,  Urpeth  Colliery,         ditto  .  .  . 

4.  Five-fourth  Seam,         ditto  ditto .  .  . 

5.  Ditto  Wingate  Grange  ColUery,  Durham 

6.  Low  Main  Seam,  ditto  ditto  .     .     . 

7.  Harvey  Seam,  ditto  ditto  .     .     . 


80 

74 
108 
148 


8.        Ditto  Emily  Vil,  Woodhouse  Close  Colliery     25 
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ANALYSIS, 

Percentage  Composition  of  the  Gas. 


Oabio 

Coal  as 

CH. 
Marik 

Centimdfereg 

above. 

CO2 

0 

N 

of  Gkw  from 

Oaa. 

100  arammes 
of  Coal. 

No.1     .     .     . 

6-66 

!        6-62 

2-98 

85*66 

26-2 

2     .     .     . 

8-64 

'      26-64 

2-96 

61-97 

80-7 

8     .     .     . 

20-86 

' 

4-88 

74-81 

27-4 

4     .     .     . 

16-61 

1      Trace. 

5-66 

77-84 

24-4 

6     .     .     . 

0-34 

85-80 

Trace. 

13-86 

91-2 

6     .     .     . 

1-15 

:      84-04 

0-19 

14-62 

288-0 

7     .     .     . 

0-28 

,      88-61 

0-66 

9-61 

211-2 

8    .     .     . 

6-31 

6001 

0-63 

44-06 

84-0 

1  cubic  oentimbtre= '061028  cubic  inch. 
1  gramme=0-0022  lb.  avoirdupois,  100=0*22  lb. 

The  Testing  of  Coal  for  its  Producing  Qualities.— It  is  almost 
impossible  to  judge  from  the  appearance  of  a  coal  whether  its  gas  and 
coke-yielding  qualities  are  good,  bad,  or  indifferent.  So  far  as  out- 
ward indications  go,  nothing  is  so  deceptive  to  the  inexperienced  in 
such  matters ;  and  even  to  those  who  have  had  large  practice  in  coal- 
testing,  it  is  very  difficult  to  forecast  with  any  certainty  the  result  of 
a  trial  of  any  particular  sample. 

The  most  favourable  signs  are  when  the  coal  exhibits  traces  of 
carbonate  of  lime  and  charcoal  deposits  on  the  surfaces  exposed  by 
fracture,  and  the  appearance  of  a  brownish  coloured  streak  on  being 
scored  with  a  hard,  blunt  point.  This  latter  is  an  invariable  sign  of 
richness. 

Some  of  the  poorest  coals  and  cannels  have  a  fifttty,  unctuous 
appearance,  suggestive  of  richness  in  gaseous  properties ;  again,  the 
most  valuable  cannels  and  shales,  yielding  gas  in  extraordinary 
abundance,  have  a  dull  earthy  cast,  which  might  readily  be  taken  as 
indicating  poverty  of  composition  and  yield.  The  rich  Boghead  (Scot- 
land), Sydney  (New  South  Wales),  Cloverport  (Kentucky)  cannels  or 
shales,  and  the  New  Abram  cannel,  Wigan,  are  striking  examples  of 
this  latter  kind.  On  the  other  hand,  this  does  not  hold  good  of 
the  Brazilian  shales  or  '*  Turba."  These  have  a  dull,  clayey  appear- 
ance, and  are  very  indifferent  both  in  the  yield  and  in  the  illuminating 
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power  of  their  gas.  The  importance  of  being  able  to  test  samples  of 
ooal  or  cannel,  before  entering  into  a  contract  for  the  material  in  bulk, 
is  therefore  obvious. 

A  test  may  be  made  either  on  a  working  scale,  or  in  the  experi- 
mental apparatus  in  the  gas  manager's  laboratory.  In  the  former 
case  several  tons  of  the  material  have  to  be  used,  and  the  trial  of  a 
single  sample  is  a  formidable  and  tedious  process,  extending  over 
many  days,  until  the  old  gas  in  the  apparatus  and  holder  has  been 
replaced  by  the  new.  It  is  obviously  impossible  to  test  a  variety  of 
samples  in  this  manner  within  a  reasonable  period.  Besides,  such  a 
method  of  testing  is  not  always  satisfactory.  The  manager  has  to 
take  a  good  deal  for  granted ;  he  is  largely  dependent  on  subordinates 
for  the  attention  and  care  that  ought  to  be  exercised,  because  his 
constant  personal  supervision  throughout  the  time  occupied  by  the 
test  is  out  of  the  question. 

The  experimental  test  is  to  be  preferred  for  many  reasons.  The  small 
apparatus  is  more  under  the  command  of  the  operator.  Full  jus- 
tice is  done  to  the  material.  The  best  results  it  is  possible  to  obtain 
are  secured.  Time  is  economized  in  making  the  tests,  because  a 
number  of  samples  can  be  tried  in  the  course  of,  say,  ten  to  fourteen 
days. 

It  may  be  urged  against  the  experimental,  or  laboratory  test,  that, 
in  practical  working,  equal  results  are  unattainable.  If  this  be  the 
fact,  it  only  proves  that  either  the  practical  working  is  at  fault  to  the 
extent  of  the  difference  in  result,  or  that  the  bulk  of  the  material  is 
not  equal  to  the  sample  tested. 

Assuming,  however,  that  the  sample  is  a  fair  average  of  the  whole, 
whatever  the  deficiencies  of  practical  working  may  be,  the  coal  at  least 
should  not  be  depreciated  below  its  intrinsic  value  through  defective 
heats  and  other  faulty  methods  of  carbonization ;  and  although  the 
actual  every-day  working  of  the  material  may  afterwards  fall  short  of 
the  results  obtained  in  tine  trial  apparatus,  these  latter  are  a  standard 
at  which  to  aim.  As  a  general  rule,  the  difference  between  the  results 
of  actual  use  and  the  experimental  results,  with  efficient  plant  and 
careful  supervision,  will  not  exceed  seven  to  ten  per  cent,  in  favour  of 
the  experimental  test. 

To  argue  that  the  quality  of  a  coal  should  be  judged  and  determined 
solely  by  the  results  yielded  in  actual  working,  is  just  about  as  reason- 
able as  to  say  that  the  illuminating  power  of  gas  should  be  decided 
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by  the  methods  of  consumption  through  possibly  defective  fittings,  and 
some  of  the  burners  largely  in  use  by  consumers.  Whether  coal  or 
gas,  the  means  best  calculated  to  develop  its  intrinsic  qualities  should 
be  adopted. 

Care  should  be  taken  to  obtain  a  fair  sample  of  the  coal  to  be 
operated  upon.  For  that  purpose  a  full  section  of  the  seam  should  be 
obtained.  It  should  then  be  broken  up  into  small  pieces  and  thoroughly 
intermixed,  and  from  this,  three  several  charges  should  be  taken 
without  selection. 

The  charge  employed  in  the  laboratory  trial  is  the  1000th  part  of  a 
ton— viz.,  2-24,  say  2J,  lbs. 

The  following  are  the  details  of  the  testing  apparatus  (Fig.  1). 


Fig.  1. 


Betobt. — Cast  iron ;  D-shaped  ;  5  in.  wide,  4^  in.  high,  inside ; 
2  ft.  8  in.  long,  outside  ;  i  in.  metal. 

Ascension  Pipe. — 2  in.  wrought  tube. 

Connections. — IJ  in.  wrought  tube. 

CoNDENSEB. — 12  Vertical  1^  in.  wrought  tubes,  8  ft.  6  in.  long  each. 

Washes. — 1  ft.  long,  6  in.  wide,  6  in.  deep. 

PuBiFiEB. — 1  ft.  2  in.  square,  12  in.  deep,  with  2  trays  of  lime. 

Gasholder.— Capacity,  12  cubic  feet,  with  graduated  scale  attached. 

The  retort  should  be  got  up  to,  and  maintained  throughout  the 
charge  at,  a  bright  red  heat.     If  from  any  cause  the  temperature  is 
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A  table,  by  Dr.  Henry,  exhibits  the  qualities  of  gas  at  different 
periods  of  distillation  : — 

From  Half  a  Ton  of  Wigan  CanneL 


100  Meaiores 

100  Measures  of 

100  Measures 

of  Impure  Gas 

Purified  Gas 

of 

contain 

consist  of 

Purified  Gas 

Time  from 

Beginning  of 

other 

DiBtiUation. 

Solpha- 
retted 
Hydro- 
gen. 

Com- 
pounds of  defiant 
Nitr^en      Gas. 

other 

Inferior  Nitrogen. 
Gases. 

Consume 
Oxygen. 

Give 

Carbonic 

Acid. 

drogen. 

1 

i  an  hour. 

i 

5h 

16 

64            20 

180 

94 

1  hoar. 

8 

8i 

18 

77i 

42 

210 

112 

8  hours. 

2| 

21 

16 

80 

6 

200 

108 

5      » 

U 

21 

18 

72 

15 

176 

94 

7      .. 

2 

2i 

9 

76 

16 

170 

83 

9      » 

i 

2i 

8 

77 

16 

150 

78 

10      .. 

2 

6 

74 

20 

120 

54 

12        n 

.. 

i 

4 

76 

20 

82 

36 

From  Half  a  Ton  of  Common  Wigan  Qas  Coal. 


1  hour. 
Shonrs. 
5      „ 
7      „ 
9      „ 
11      .. 


3 

3 

10 

90 

,, 

164 

2 

2 

9 

91 

, , 

168 

3 

2 

6 

94 

, , 

132 

1 

3 

6 

80 

16 

120 

1 

21 

2 

89 

9 

112 

1 

1 

•• 

86 

16 

90 

91 
93 
70 
64 
60 
48 


The  rate  of  production  of  gas  from  2  cwt.  of  Wigan  coal  in  an 
experimental  retort  was  found  to  be  as  follows  : — 

Cubic  Feet. 

i  hour , .      276 

1       » 246 

UhoarB 200 

140 


3 

3} 

4 


80 
40 
20 
16 


Total 1016 


The  annexed  table,  by  Miller,  exhibits  the  quantity  and  specific 
gravity  of  the  gas  obtained  from  two  bushels  of  coal  during  each 
of  five  hours'  heating  in  an  ordinary  retort ;  and  shows  the  import- 
ance of  restricting  the  time  during  which  the  coal  is  subjected  to 
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the  action  of  heat  in  the  manu&cttire  of  gas.  The  rich  hydro- 
carbons diminished,  and  carbonic  oxide  and  hydrogen  increased  in 
quantity  as  the  experiment  progressed. 


Oabio  Feet. 

Bpeoiflo  GniTlty. 

In  the  first  hour  . 

.      846 

•677 

In  the  second  hour 

.      203 

•419 

In  the  third  hour 

.      118 

•400 

In  the  fourth  hour 

64 

•822 

•  In  the  fifth  hour  . 

20 

— 

With  cannel  the  carbonization  takes  place  in  considerably  less 
time  than  with  ordinary  coal. 

For  roughly  estiinating  the  weight  of  coal  or  cannel  required  to  produce 
a  given  quantity  of  gas  : 

BxTLB. — Strike  off  the  last  four  figures  from  the  quantity  of  gas 
produced,  and  the  figures  remaining  will  represent  the  coal  or  cannel 
in  tons. 

Thus :  20  |  0,000  cubic  feet  of  gas  =  20  tons  coal. 

This  will  be  evident  when  it  is  remembered  that  a  ton  of  coal  or  can^ 
nel  produces  about  10,000  cubic  feet  of  gas.     Should  the  production 
rise  to  11,000,  or  fiftU  to  9000  per  ton,  one-tenth  must  be  deducted 
from,  or  added  to,  the  coal,  as  the  case  may  be. 
The  average  weight  of  coal  per  cubic  yard  is : — 


lbs. 
2160 
2026 
2160 
1400 
670 
960 


Anthracite,  -pet  oabio  yard,  solid 
Bitaminoos  „       „       »}       »  •        • 

Cannel  „       „       „       „ 

Coal,  stored  in  the  usual  way,  per  onbio  yard 
Coke,  per  cable  yard        .... 
Breeze  „        „        „  .... 

The  average  percentage  yield,  by  weight,  of  good  bituminous  coal, 
is  as  follows : — 

Per  cent. 

Gas      . 18 

Coke  and  breeze 68 

Tar 6 

Ammoniaoal  liquor 9 

100 

In  order  to  find  the  value  of  gas  in  grains  of  sperm  per  cubic  foot  from 
the  given  illuminating  power : — 

Rule. — Multiply  120  (the  grains  allowed  per  hour  for  the  con- 
sumption of  the  standard  sperm  candle)  by  the  illuminating  power, 
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and  divide  by  5  (consumption  of  gas  in  oubio  feet  per  hour  by  the 
standard  burner).  The  answer  will  be  the  value  of  the  gas  in  grains 
of  sperm  per  cubic  foot. 

Example. — What  is  the  value  of  gas  in  grains  of  sperm  per  oubio 
foot,  the  illuminating  power  of  which  is  19*46  candles  ? 

19-46  X  120        ,^„       .       , 

g =  467  grains  of  sperm,  value. 

To  find  the  value  of  any  coal  per  ton  in  pounds  of  sperm  ^  the  yield  of 
gas  and  illuminating  power  being  knoum : — 

Bulb  1. — Multiply  the  cubic  feet  produced  per  ton  by  the  value  of 
the  gas  in  grains  of  sperm  per  cubic  foot  (ascertained  by  the  previous 
rule),  and  divide  by  7000  (the  number  of  grains  in  1  lb.  avoirdupois). 
The  answer  will  be  the  value  of  the  coal  in  lbs.  of  sperm  per  ton. 

Example. — ^What  is  the  value  of  a  certain  coal  in  lbs.  of  sperm  per 
ton,  whose  yield  of  gas  is  10,540  cubic  feet,  and  illuminating  power 
19*68  standard  sperm  candles  ? 

19*68  X  120 

g =  471*12,  value  of  the  gas  in  grains  of  sperm  per  cubic  ft. 

_,,       10,640  X  471*12      „^^  «„  ,^       ,  ,  ,  ^   u 

Then =ggg =  709*87  lbs.  of  sperm  per  ton,  value.    Or  by 

Rule  2. — Divide  the  yield  per  ton  by  5  (cubic  feet  of  gas  consumed 
per  hour  by  standard  burner) ;  multiply  by  the  ascertained  illuminating 
power  and  by  120  (consumption  of  standard  sperm  candle  per  hour  in 
grains) ;  lastly,  divide  by  7000  (number  of  grains  in  1  lb.  avoirdupois). 
The  answer  will  be  the  value  of  the  coal  in  lbs.  of  sperm  per  ton. 

Example. — What  is  the  value  of  a  certain  coal  in  lbs.  of  sperm 
per  ton,  whose  yield  of  gas  is  10,540  cubic  feet,  and  illuminating 
power  19*68  standard  sperm  candles  ?    Then 

I9l^  =  2108  X  19*68  X  120     „^  ^„  ,^       -  ^  , 

7000 ~  709*87  lbs.  of  sperm  per  ton,  value. 

To  ascertain  the  relative  value  of  different  coals  and  cannels,  attach 
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approximate  or  actual  market  prices  to  the  sperm  pounds  as  ascer- 
tained above,  and  to  the  several  residual  produots,  cast  up  the  various 
items,  and  compare  them  by  the  ordinary  rule  of  proportion. 

Example. — The  two  coals  to  be  compared  are — 

No.  1,  yieldiDg— 

£  s.  d. 
10.600  0.  ft  of  gas  per  ton,  Hi  candles  value  =  686  lbs. 

sperm        at  Is.  81  16  0 

18iowt.0oke at6d.  0  6  7i 

10  gals.  Tar at  l^d.  0  1  Oi 

22  gals.  Ammoniaoal  Liquor at  Id.  0  1  10 

d^    4    6 
No.  2,  yieldiog—  — — 

£    s.  d. 
9,700  0.  ft.  of  gas  per  ton,  162  oandles  value  =  667  lbs. 

sperm at  Is.       27  17    0 

14  owt.  Coke at  6d.         0    6  10 

9  gals.  Tar at  lid.       0    0  11} 

20  gals.  Ammoniaoal  Liquor at  Id.        0    18 

£28    5    6i 

Assuming  that  No.  1  is  12s.  6d.  per  ton,  the  relative  value  of  No.  2 
will  be  found  as  follows  : — 

As  £82  4s.  6d.  :  £28  5s.  5^.  .      12s.  6d.  :  10s.  11^.  value  per  ton 

of  No.  2. 

Farmer's  rule  to  find  the  relation  between  quantity  of  gas  per  ton 
and  illuminating  power,  may  be  quoted  here,  but  it  must  not  be 
assumed  as  absolutely  correct.  It  is  only  approximately  so,  and  that 
only  within  a  limited  range.  If  a  given  coal  yields  a  known  volume 
of  gas  of  a  known  illuminating  value,  to  ascertain  how  much  gas  it 
will  yield  of  another  value  : — 

BuuB. — Multiply  yield  of  gas  by  the  illuminating  power,  divide  by 
the  required  power,  and  the  quotient  is  the  quantity. 

ExAMPLS. — A  coal  yields  9600  cubic  feet  per  ton  of  16-candle  gas ; 
how  much  will  it  yield  of  14  and  17  candle  gas  respectively  ? 

9600  X  16  =  168,600.    Then 

^^=10,971  c.  ft.  and  ^^  =  9085  c.  ft. 

The  above  presupposes  that  the  period  of  distillation  is  extended  or 
abridged,  as  the  case  may  be. 


30 


NEWBIGGING'S   HANDBOOK   FOE 


GAS    PRODUCTION. 

The  oarbonization  or  destructive  distillation  of  the  coal  for  the 
production  of  gas  is  accomplished  in  the  retort-house. 

This,  the  first  process  in  gas  making,  is  also  the  most  important. 
Any  want  of  economy  here  (and  the  word  *'  economy  "  implies  efficient 
apparatus,  proper  conditions  of  working,  and  good  management 
generally),  cannot  be  compensated  for  in  any  of  the  subsequent  pro- 
cesses or  stages  to  which  the  gas  has  to  be  subjected,  or  through 
which  it  has  to  pass  before  it  reaches  the  consumer. 

In  the  earliest  days  of  gas  manufEicture,  the  retorts,  which  were  of 
cast-iron,  were  placed  or  arranged  both  in  the  vertical,  the  inclined, 
and  the  horizontal  position. 

The  vertical  retort  was  the  first.  This  was  objectionable  by  reason 
of  the  coal  consolidating  in  a  mass,  preventing  the  free  exit  of  the  gas, 
and  making  it  a  matter  of  difficulty  to  remove  the  resultant  coke. 

The  other  two  were  an  important  advance  on  the  vertical  form,  and 
were  so  considered  by  gas  engineers,  inasmuch  as  both  the  charging 
and  discharging  were  accomplished  with  greater  ease,  and,  what  is  in- 
dispensable to  prevent  loss  of  illuminating  power,  an  open  space  was 
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left  between  the  coal  and  the  upper  surface  of  the  retort  for  the  issue 
of  the  gas. 
Retort  House. — The  retort  house  may  be  adapted  for  either  a 
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Biogle  (Fig.  8)  or  doable  stack  of  retorts  (Fig.  4),  and  may  be  of  the 
groand-floor  or  stage-floor  type  of  erection  according  to  circumstances. 
The  ground-floor  house  (Figs.  8  and  4)  is  the  most  usual  form.  In 
this,  the  structures  and  appliances  are  all  above  ground,  and  the 
process  of  gas  making  is  conducted  on  the  one  floor  on  which  the  retort 
stack  and  its  appurtenances  are  erected. 


Fio.  4. 

Now  that  generator  furnaces  for  the  production  of  gaseous  fuel  for 
heating  the  retorts  under  the  regenerative  system  are  coming  lai^ely 
into  use  owing  to  their  proved  efficiency,  provision  is  made  for  them 
in  houses  of  this  class,  by  carrying  the  foundation  of  the  retort  stack 
to  a  depth  of  at  least  9  ft.  6  in.  below  the  ground-floor  line^  and  forming 
an  underground  passage  about  7  ft.  or  8  ft.  wide  all  round  the  stack  if 
it  is  a  double  one,  or  in  front,  if  single.    (See  Figs.  8  and  4.) 

In  all  cases  of  ground-floor  houses  when  the  site  adn^its  of  this 
arrangemeiit,  it  should  be  adopted,  and  this,  too,  even  in  comparatively 
small  works.  A  house  with  a  provision  of  this  kind  may  be  described 
as  a  semi-stage-floor  house  (Figs.  8  and  4). 

The  stage-floor  house  proper  (Fig.  5)  has  not  only  a  ground-floor. 
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but  a  stage-floor  at  an  elevation  of  10  ft.  or  12  ft.  above  tbe  other. 
From  this  latter  the  retorts  are  charged  and  drawn,  the  hot  coke  being 
discharged  through  suitable  openings  in  the  stage-floor  on  to  shoots, 


Fio.  6. 

and  thence  to  the  floor  underneath,  where  it  is  slaked,  and  whence  it 
is  wheeled  or  otherwise  conveyed  away  into  the  coke  yard. 

A  house  of  this  kind  costs  considerably  more  than  a  ground-floor, 
or  semi-ground-floor,  house ;  but,  in  large  works  especially,  it  can  be 
operated  with  more  economy,  and  the  advantages  it  offers  for  the 
removal  of  the  coke,  the  application  of  the  regenerative  system,  and 
in  other  ways,  are  very  great. 

Suitable  openings  are  left  in  the  waUs  of  the  retort-house  at  a  height 
slightly  above  the  stack,  for  the  admission  of  air  and  light.  The 
ventilation  should  be  good,  and,  with  that  object  in  view,  the  louvre 
should  extend  from  one  end  of  the  roof  to  the  other,  and  be  of  ample 
capacity.  Ventilating  tubes  or  towers  are  sometimes  used  alone  or  in 
addition  to  the  louvre  ventilator.  These  are  efficient  and  present  a 
good  appearance. 
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The  clear  space  in  front  of  a  retort  stack  should  not  be  less  than  18 
feet.  When  it  is  intended  to  employ  machinery  for  charging  and 
drawing  the  retorts,  22  feet  is  required. 

For  convenience  in  hand-charging  and  drawing,  a  slight  inclination 
— say  6  in.  to  9  in.  in  the  whole  width — towards  the  stack,  should  be 
given  to  the  floor.  This  allows  the  waste  water  from  the  slaked  coke 
to  run  into  the  ash-pans,  and  is  also  handier  for  the  stokers  in 
charging. 

About  8  feet  of  the  width  of  the  floor,  immediately  in  front  of  the 
stack,  may  be  laid  with  cast-iron  plates,  or  paved  with  fire-bricks  set 
on  edge  ;  the  remainder  of  the  floor  flagged  with  4-inch  flags.  Blue 
Staflordshire  bricks  or  tiles,  4  inches  thick,  make  an  excellent  paving 
for  a  retort-house  floor  ;  and,  when  these  are  used,  the  fire-bricks  in 
front  may  be  dispensed  with. 

In  a  house  intended  for  inclined  retorts  (Figs.  6  and  7),  the  con- 
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ditions  of  size  differ  from  the  others.  Here  the  height  is  greater,  and 
the  width  varies  according  to  the  length  of  the  retorts,  whether  12  ft., 
15  ft*.  18  ft.,  or  20  ft.,  and  as  to  whether  it  is  required  to  contain  a 
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single  stack,  or  two  stacks  of  settings  face  to  face  (Fig.  6),  or  back  to 
back  (Fig.  7).  We  prefer  Fig.  6,  as  admitting  of  better  ventilation 
on  the  higher  operating  floor.  On  this  floor,  with  back-to- back 
retorts,  the  heat  is  often  unbearable. 


Fig.  7. 

The  following  may  be  taken  as  convenient  dimensions  of  retort- 
houses  of  the  diflTerent  types : — 

House  for  a  single  stack  of  horizontal  retorts — Width,  inside,  80  feet. 
Height  from  charging  floor  to  springing  of  roof,  20  feet. 

House  for  a  double  stack  of  horizontal  retorts — Width,  inside,  60  feet. 
Height  from  charging-floor  to  springing  of  roof,  28  feet.  Height  from 
basement  floor  to  springing  of  roof,  88  feet. 

Howe  for  two  stacks  of  18  feet  inclined  retorts,  set  face  to  face — Width, 
inside,  84  feet.  Height  from  discharging  mouthpiece  floor  to  spring- 
ing of  roof,  88  feet.  Height  from  basement  floor  to  springing  of  roof, 
48  feet.  Width  of  floor  space  between  the  two  stacks,  80  feet.  Width 
of  stack,  15  feet ;  space  at  back,  12  feet. 

When  designing  a  House  for  inclined  retorts,  recently,  the  writer 
made  an  opening  six  feet  wide,  running  the  length  of  the  house,  in 
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the  coke  discharging  floor,  to  admit  of  the  effectual  ventilation  of  the 
basement.  This  can  be  done  in  inclined  retort  houses  where  the 
room  required  in  front  of  the  benches  is  less  than  in  a  house  with 
horizontal  retorts.  A  protecting  hand-rail  extends  on  both  sides  of 
the  opening. 

Where  elevating  and  conveying  machinery  are  used,  the  walls  in 
each  case  require  to  be  about  82  feet  high  from  charging  floor. 

Wrought-iron  or  steel,  trussed,  or  arched  roof,  with  ventilator,  and 
slated,  or  covered  with  corrugated-iron  sheets. 

Corrugated-iron  sheeting,  being  lighter  than  slates  or  tiles,  admits 
of  the  principals  and  purlins  being  placed  wider  apart,  so  reducing 
their  number.  The  first  cost  of  a  roof  of  this  description  is  less ;  it 
is  less  affected  by  wind ;  but  its  durability  is  inferior  to  a  slated 
roof.    The  sheets  should  not  be  thinner  than  No.  20  gauge. 

Retort  Stack. — This  necessarily  varies  in  size  and  general  con- 
struction according  to  the  number  of  retorts,  their  dimensions  and 
arrangement  in  the  setting. 

In  the  smaller  works  a  single  stack  sufiSces — i.^.,  a  series  of 
ovens  or  benches  about  10^  feet  in  depth,  containing  settings  of 
three,  five,  six,  or  seven  retorts  in  an  oven ;  the  retorts  being  9  feet 
long  each. 

In  the  larger  works  the  stack  is  double,  and  contains  settings  of 
six,  seven,  eight,  or  nine  retorts,  20  feet  long;  either  '^throughs,"  or 
made  single  by  being  blocked  in  the  centre.  In  some  large  works  as 
many  as  ten  and  eleven  retorts  are  set  in  one  bed,  with  an  elevated 
travelling  stage  in  front  from  which  the  higher  retorts  are  charged 
and  drawn. 

The  following  details  will  be  found  adequate  for  the  erection  of  a 
stack  with  benches  of  seven  large  retorts  of  any  shape,  and  either 
single  or  throughs,  set  as  shown  in  Fig.  8. 

The  ovens  are  8  ft.  6  in.  wide,  8  feet  high  from  floor-line,  and 
20  feet  through,  inside  measure. 

Height  to  top  of  bench,  10  fk.  3  in. 

Excavation  for  bench,  8  feet  deep.  For  generator  furnaces,  9  ft. 
6  in.  deep. 

Place  therein  bed  of  hydraulic  lime  or  Portland  cement  concrete, 
14  inches  thick. 

Upon  this  build  the  brick  footings  of  the  division  walls  of  ovens, 
of  good  hard  common  bricks,  set  in  lime  mortar. 

d2 
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When  these  are  built,  fill  up  between  with  a  farther  layer  of  con- 
crete, 18  inches  thick. 

Division  walls  of  ovens  above  footings,  18  inches  thick,  built  of  best 
fire-clay  bricks,  set  in  fine,  well-tempered  fire-clay. 
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Fio.  8. 

Floor  of  ovens  paved  two  courses  on  edge  with  fire-bricks  set  in 
fire-clay. 

Arched  roof  of  ovens,  14  inches  thick,  formed  of  three  rings  of  fire- 
bricks moulded  to  the  proper  radius  set  in  fire-clay. 

Two  flue-holes  in  crown  of  arch,  12  inches  square,  communicating 
with  main  flue  on  stack.  Damper  tiles  to  be  provided  for  these,  27 
inches  long,  16  inches  wide,  8  inches  thick.  When  the  main  flue 
is  underneath  the  stack,  the  flue-holes  in  crown  of  arch  are  not 
required. 

End  or  buttress  walls  of  stack,  8  ft.  4^  in.  thick,  of  common  bricks, 
built  in  with  the  fire-brick  work  of  stack,  and  faced  with  fire-bricks 
laid  in  good  lime  mortar. 

The  whole  of  top  of  stack  haunohed  up  five  courses  above  the  top  of 
the  arches,  so  as  to  make  the  total  height  of  10  ft.  8  in.  from  floor- 
line,  of  good  common  bricks  faced  with  fire-bricks,  laid  solid,  with 
close  joints,  in  good  lime  mortar.     Finish  with  cornice  or  coping. 

Following  the  example  of  M.  Coze,  of  Bheims,  settings  of  seven  or 
eight  retorts  placed  at  an  angle  of  about  82  degrees  have  been  adopted 
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by  varions  engineers  in  this  conntry.  These  admit  of  the  charge  of 
coal  and  the  discharge  of  the  coke  being  accomphshed  with  great 
facility,  and  with  an  absence,  or  at  least  a  minimum,  •  of  skilled 
labonr ;  advantage  being  taken  of  the  natural  slope  or  angle  of  repose 
of  the  coal,  and  the  law  of  gravitation,  to  effect  the  purpose  desired. 
(Figs.  6  and  7.) 

The  retorts  employed  are  of  the  D-shape,  tapering  usually  from 
21  X  16  inches  diameter  at  top,  to  28  x  16  inches  at  bottom,  and  in 
length  from  12  to  20  feet,  with  a  mouthpiece  at  each  end,  the  gas 
being  taken  off  from  the  lower  mouthpiece. 

The  larger  pieces  of  coal  are  reduced  in  size  by  being  put  through 
a  breaker  working  in  a  pit  in  the  coal  store.  The  material  is  then 
elevated  by  mechanical  means  and  discharged  into  a  hopper  or 
hoppers,  whence  it  descends  by  way  of  movable  charging  shoots  into 
the  retorts. 

In  the  original  Coze  system,  the  mouthpieces  are  a  prolongation  of 
the  retorts,  and  are  bent  upwards,  all  reaching  the  same  level.  The 
fsJl  of  coal,  therefore,  from  the  tipping  trucks  takes  place  from  one 
uniform  level,  which  is  8  ft.  4  in.  higher  than  the  bottom  tier  of 
retorts,  6  ft.  higher  than  the  middle  tier,  and  8  ft.  9  in.  higher  than 
the  top  tier. 

It  is  evident  that  if  a  drop  of  8  ft.  9  in.  is  right  for  the  higher  tier  of 
retorts,  one  of  6  ft.  and  8  ft.  4  in.  cannot  be  right  for  the  middle  and 
bottom  tiers,  the  retorts  aU  being  inclined  at  the  same  angle.  As  a 
matter  of  fact,  irregular  charging  is  the  result. 

To  overcome  these  objections,  baffling  plates  are  now  applied  in 
the  shoots  to  break  the  force  of  the  stream  of  coal,  and  other 
expedients  have  been  adopted,  which  have  mitigated  the  drawbacks 
named. 

Mr.  Shoubridge,  in  his  charging  apparatus,  has  successfully  met 
the  difficulties.  In  this,  the  coal  contained  in  the  travelling  hopper 
or  box  is  brought  down  to  three  different  levels,  to  suit  the  heights  of 
the  three  tiers  of  retorts.  The  shoots,  also  three  in  number,  are 
ranged  to  meet  the  same  conditions.  In  addition  to  these  he  has  an 
adjustable  door  at  the  charger  mouth,  by  which  the  area  of  the  open- 
ing can  be  varied  to  suit  the  conditions  of  size  and  dryness  or  damp- 
ness in  the  coal. 

The  initial  and  regulated  impulse,  due  to  gravity,  which  the  coal 
receives  in  its  descent  from  the  hopper  and  through  the  charging 
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shoots,  causes  it  to  spread  and  extend  in  a  uniform  layer  along  the 
floor  of  the  retort  from  top  to  bottom. 
The  regenerative  system  of  heating  is  invariably  employed  for  these 


The  advantages  of  the  inclined  or  sloping  retorts  are  so  manifest 
and  great  that  their  universal  adoption  is  only  a  question  of  time. 

Retorts. — The  materials  of  which  retorts  for  the  distillation  or 
carbonization  of  coal  are  made,  are  fire-clay,  either  moulded  in  one 
piece,  or  built  up  in  sections,  and  cast-iron. 

In  the  early  days  of  gas-lighting,  and  for  many  years  later,  cast- 
iron  retorts  only  were  used.  The  fact  of  the  iron  retorts  not  being 
capable  of  standing  a  heat  sufficiently  high  for  the  distillation  of  coal 
in  the  most  economical  manner,  and  their  liability  to  rapid  oxidation 
and  even  fusion  in  the  furnace,  operated  to  cause  the  adoption  of  clay 
in  the  manu&cture  of  retorts. 

Cast-iron  retorts  are  now  only  employed  in  the  very  smallest  works, 
where  the  gas  making  is  intermittent ;  here  they  are  useful,  as  they 
bear  letting  down  frequently  without  suffering  damage.  As  carbon- 
izers  they  are  not  economical,  because  the  heat  which  they  will  stand 
is  not  high  enough  to  produce  the  best  results  in  the  yield  of  gas 
from  the  coal.  The  round,  15  inches  diameter,  andD-shaped,  15  x  18 
inches,  are  the  handiest,  and  7  ft.  6  in.  is  a  convenient  length.  They 
are  usually  made  If  inch  thick^  with  an  ordinary  flange,  to  which 
the  mouthpiece  is  attached.    Their  weight  is  16  to  18  cwt. 

Q  Eraser's  ribbed  retort  (Fig.  9)  is  an  improvement  on 
the  ordinary  form. 
Clay  retorts,  in  the  face  of  much  prejudice  and  oppo- 
sition at  first,  gradually  advanced  in  popularity  as  their 
merits  became  known,  until  at  the  present  time  their 
^^'  ®*  use  is  almost  universal.  Single  cky  retorts  are  burnt 
better  and  more  uniformly  when  the  ends  are  left  open  in  the  kiln ; 
the  backs  are  easily  jointed  in  setting,  care  being  taken  to  butt 
them  close  up  against  the  wall.  The  clay  retorts  employed  are 
either  round  (Fig.  10),  oval  (Fig.  11),  or  D-shaped  (Figs.  12  and  13)  in 
cross-section,  their  usual  diameter  being  respectively  16  inches  or 
21 X 15  inches.  The  round,  by  reason  of  its  shape,  is  the  strongest  and 
most  durable  ;  but  it  is  not  equal  to  the  others  as  a  carbonizer. 

Olay  retorts  are  usually  made  8  inches  thick;  the  flange  or 
swelled  portion  to  which  the  mouthpiece  is  bolted  being  4  inches 


GAS   ENGINEEBS   AND   MANAGEBS. 


39 


Ihiok,  and  8  inohes  broad,  the  neck  tapering  to  the  thickness  of  the 
body. 
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The  following  are  usefol  and  convenient  sizes  of  clay  retorts  : — 
Bound  .   .  IGin.diam. 

Oval  .   .  21 X 15  in.  ,,    •  Inside  measure,  and  10  ft.  long  outside. 
D-shaped,21  X 15  in.  „  . 
The  weight  of  a  clay  retort  of  the  above  sizes  is  from  14  to  16  cwt. 
For  very  small  works  the  following  sizes  are  more  suitable : — 
Round  .    .  14  in.  diam.\ 

Oval ..  18  X 14  in.    „   I  Inside  measure,  and  9  feet  long  outside. 
D-shaped,18  X 14  in.  „  ) 

Retorts  made  of  fire-bricks  and 
tiles  or  blocks  rebated  or  grooved 
together  and  jointed  with  fire-clay 
are  extensively  in  use  (Fig.  14).  In 
the  matter  of  durability  they  possess 
a  clear  advantage  over  the  moulded 
clay  retort,  their  life  being  three  or 
four  times  that  of  the  other ;  and 
though  their  first  cost  is  more,  this 
is  compensated  for  by  the  saving  in  wear  and  tear. 

Large  retorts  of  this  dass,  80  to  50  inches  wide,  which  at  one  time 
were  common  enough,  are  objectionable  for  many  reasons.  A  large 
area  is  exposed  to  the  cold  air  every  time  the  charge  is  drawn,  and  the 
time  occupied  in  drawing  them  is  necessarily  considerable.  Again, 
there  is  a  tendency  to  allow  carbon  to  accumulate  in  such  retorts, 
because  in  the  ample  space  the  inconvenience  of  the  presence  of  a 
thick  body  of  carbon  is  not  felt  by  the  men  in  drawing  and  charging. 
If  the  required  temperature,  however,  is  kept  up  under  these  circum- 
stances, it  must  be  at  an  excessive  expenditure  of  fuel  and  labour.  The 
greater  depth  of  the  coal,  and  the  constant  inequality  of  carbonization 
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between  the  inner  and  outer  portions  of  the  charge,  is  also  a  serious 
drawback  to  their  use. 

Retort  Settings.— The  first  and  indispensable  requisite  for  good 
retort  setting  is  to  ensure  a  solid  foundation.  Nothing  will  atone  for 
the  want  of  this.  It  should  also  be  dry,  otherwise  heat  will  be  abstracted 
from  the  furnace. 

The  joints  of  the  brickwork  should  be  made  with  fire-clay  mortar ; 
they  should  be  as  close  and  fine  as  it  is  possible  to  make  them. 
Each  brick  should  be  dipped  in  water,  placed  in  position,  and  then 
gently  but  firmly  bedded  home. 

The  retorts  in  a  setting  should  be  supported  by  transverse  walls 
resting  on  a  solid  foundation,  so  that  they  may  satisfactorily  bear 
the  strain  of  working  during  the  time  they  are  expected  to  last.  It  is  an 
error  to  suppose  that  the  brickwork  causes  a  diminution  in  the  heat. 
Take  the  case  of  two  benches  of  retorts  set,  the  one  with  as  much 
brickwork  as  is  required  for  proper  support  without  obstructing  the 
draught  or  unnecessarily  covering  the  retort  surfaces  ;  and  the  other 
having  the  least  possible  quantity  of  brickwork,  supporting  (say,  for 
example)  the  retorts  only  at  their  extremities.  In  getting  these 
benches  in  action  for  the  first  time  there  can  be  no  doubt  the  latter 
would  be  the  first  to  attain  the  desired  ten/perature ;  but  although 
the  former  would  require  a  little  longer  time,  and  the  expenditure 
of  more  fuel  at  first,  the  superior  regularity  of  its  action  over 
the  other  in  distilling  the  gas  from  the  coal  will  scarcely  be 
questioned. 

No  doubt  the  thinner  the  retorts  themselves,  compatible  with 
strength,  the  better,  so  that  the  heat  may  the  more  readily  pass  to 
their  interior.  But  the  circumstances  attending  the  retort  as  the 
vessel  containing  the  material  for  distillation  are  not  to  be  confounded 
with  those  appertaining  to  the  adjacent  brickwork.  This  need  not  be 
more  than  is  reasonable,  but  it  is  better  to  err  on  the  side  of  excess 
than  too  little. 

When  the  retorts  are  "  through  "  they  are  usually  in  three  pieces, 
jointed  together,  and  have  a  mouthpiece  at  each  end.  The  advantages 
gained  in  using  this  kind  of  retort  are  important.  The  accumulation 
of  carbon  is  less,  owing  to  the  absence  of  backs.  The  current  of  air 
which  is  drawn  through  their  interior  every  time  they  are  charged 
tends  to  loosen  any  cavbon  deposit  that  takes  place.  More  heating 
Bur£Gboe  for  carbonization  is  obtained  without  additional  expense,  and 
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that  in  the  hottest  part  of  the  oven.  They  are  also  drawn  with  greater 
fiMsilitj.  The*scoop  (Fig.  85,  p.  69)  is  generally  used  in  charging  these 
retorts.  As  they  have  to  be  drawn  and  charged  at  both  ends 
simultaneously,  they  cannot,  where  the  scoop  is  used,  be  conveniently 
worked  where  the  stokers  are  fewer  than  six  in  number. 

Dimensions  for  a  setting  of  three  large  sized  day  retorts,  8  ft.  6  in. 
long  :— 

Width  of  oven,  5  ft.  2  in. ;  height,  6  ft.  8  in. ;  depth,  8  ft.  7  in. 

Width  of  furnace  at  grate  bars,  9  in. 

Width  of  furnace  at  springing  of  arch,  16  in. 

Length  of  furnace,  80  in. 

Height  from  floor-level  to  underneath  the  flanges  of  the  two  bottom 

retorts,  2  ft.  8  in. 
Number  of  grate  bars,  two ;  80  in.  long  each,  made  of  2  in.  square 

bar-iron. 

Dimensions  for  a  setting  of  five  large  sized  clay  retorts,  9  ft.  4  in. 
long  :— 

Width  of  oven,  8  ft. ;  height,  7  ft.  6  in. ;  depth,  9  ft.  5  in. 

Width  of  furnace  at  grate  bars,  10  in. 

Width  of  furnace  at  springing  of  arch  underneath  the  middle  retort, 

18  in. 
Length  of  furnace,  80  in. 
Height  from  floor-line  to  underneath  the  flanges  of  the  bottom 

retorts,  2  ft.  8  in. 
Number  of  grate  bars,  two ;  80  in.  long  each,  made  of  2  in.  square 

bar-iron. 

Dimensions  for  a  setting  of  seven  large  sized  clay  retorts,  9  ft.  4  in. 
long  :— 

Width  of  oven,  8  ft.  6  in. ;  height,  8  ft. ;  depth,  9  ft.  5  in. 

Width  of  furnace  at  grate  bars,  12  in. 

Width  of  furnace  at  springing  of  arch,  20  in. 

Length  of  furnace,  86  in. 

Height  from  floor-line  to  underneath  flanges  of  two  bottom  retorts, 

16  in. 
Number  of  grate  bars,  three  ;  86  in.  long  each,  made  of  2  in.  square 

bar-ircm. 
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A  setting  should  never,  when  it  can  be  avoided,  be  put  into  action  im- 
mediately on  completion,'  as  the  application  of  strong  heat  to  the  damp 
clay  is  liable  to  crack  and  open  the  joints  and  cause  '^  short  circuit- 
ing," besides  destroying  the  brickwork.  The  setting  ought  to  be 
allowed  to  stand  at  least  fourteen  days,  in  order  that  it  may  be 
gradually  dried  and  hardened.  A  slow  fire  should  then  be  lighted 
in  the  furnace  and  kept  going  for  another  fourteen  days  to  complete 
the  drying  process,  the  damper  to  main  flue  being  entirely  closed, 
but  the  feeding  door  and  the  sight  and  hand  holes  kept  fuUy  open. 

On  putting  the  bench  or  oven  into  action,  the  heat  should  be  applied 
gently  at  first,  the  damper  being  gradually  opened  a  little  more  each 
day  until  the  proper  temperature  is  attained.  When  the  retorts  have 
reached  a  dull  red  heat,  a  light  charge  of  coal  thrown  into  them 
assists  the  development  of  the  required  temperature,  and  tends  to 
preserve  them  in  good  condition.  By  careful  attention  to  these  points, 
the  cracking  of  clay  retorts  on  first  ''gaiting"  may  be  entirely 
avoided. 

.  A  cutting  heat  from  the  furnace  can  be  prevented,  or  greatly 
modified,  by  having  ample  nostrils  in  the  furnace  arch.  There  should, 
therefore,  be  no  undue  contraction  of  the  nostrils.  It  is  here  where 
the  evil  in  some  settings  eidsts,  obstructing  the  passage,  producing 
cutting  draughts,  and  hastening  the  destruction  of  the  brickwork. 
With  ample  space  for  the  exit  of  the  hot  gases  or  flame  from  the 
furnace  or  combustion  chamber  into  the  oven  and  through  the  flues, 
the  best  results,  both  as  regards  heating  and  economy  of  fuel,  are 
obtained. 

To  prevent  radiation,  the  front  wall  of  the  oven  should  be  a  brick 
and  a  half,  or  14  inches,  thick  ;  the  division  walls  between  the  ovens 
two  bricks,  or  18  inches,  thick ;  the  back  wall,  where  the  retorts  are 
not  *'  throughs,*'  14  inches  thick. 

The  duration  of  clay  retorts  greatly  depends  on  the  setdng.  When 
the  retorts  are  properly  supported,  and  suitably  protected  at  points 
from  the  cutting  heat  of  the  furnace,  they  will  last  for  two  or  three 
years  ;  otherwise,  and  this  is  nearer  their  average  life,  they  will  be 
burnt  out  in  fifteen  to  eighteen  months. 

A  setting  will  break  down  not  only  from  wear  and  tear  and  high 
heats,  but  owing  to  the  contractility  of  the  materials  composing  it. 
The  lesson  to  be  drawn  from  this  is  that  only  such  materials  as  are 
thoroughly  shrunk  by  hard  firing  should  be  used. 
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In  moderate  sized  works,  where  coke  firing  is  employed,  eaoh 
single  horizontal  retort  should  be  of  oapaoity  sufficient  to  hold 
a  charge  of  from  2}  to  8  cwt.  of  coal ;  and  with  five  or  six  hours' 
charges  the  yield  per  mouthpiece  with  good  bituminous  coal 
should  be  at  tiie  rate  of  5500  to  6500  cubic  feet  per  diem  of  twenty- 
four  hours. 

Where  heating  by  regenerative  furnaces  is  adopted,  the  charges  may 
be  heavier  or  more  frequent;  and  the  twenty-four  hours'  yield  per 
mouthpiece  will  range  from  7000  to  9000  cubic  feet,  according  to 
the  quality  of  coal  used.  Even  this  yield  is  exceeded  by  the  inclined 
retorts  when  their  length  is  18  or  20  feet  and  they  are  heated  and 
worked  under  the  best  conditions. 

Now,  eighteen  months'  continuous  production  at  the  rate  of,  say, 
only  6000  cubic  feet  per  mouthpiece  per  day,  is  equal  to  a  total 
production  of  about  8}  million  cubic  feet  of  gas. 

The  carbonizing  temperature  of  day  retorts  ranges  from  2010^  Fahr. 
(orange)  and  upwards. 

The  following  table  by  Pouillet  gives  the  colours  corresponding 
to  various  high  temperatures  : — 

Fahr. 

Faint  red 977° 

DuU  red 1290° 

BriUiuitred U7QP 

Chenyred 1660° 

Bright  oherry  red 18d0<> 

Orange 3010° 

Bright  orange 2190° 

White  heat 2370° 

Bright  white  heat 2550° 

DazzUng  white 2780° 

Melting  point  of  oast-iron— 

VHiite 1920°  to  2010° 

Grey 2010°  to  2190° 

The  effect  of  an  excessively  low  heat  in  the  retorts  is  to  diminish 
the  gaseous  products,  the  chief  result  of  the  distillation  being  the 
production  of  tar. 

In  setting  iron  retorts  a  space  of  about  8  inches  should  be  left  in 
the  rear,  to  allow  for  the  expansion  of  the  metal  and  prevent  their 
being  forced  out  beyond  the  front  wall,  with  the  possible  breakage  of 
the  ascension-pipes.  Fire-clay  tiles  are  invariably  used  to  protect  iron 
retorts  from  the  direct  action  of  the  furnace  heat.    Oxidation  proceeds 
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rapidly  on  their  uncovered  surface,  and  the  scale  should  be 
frequently  removed,  otherwise  the  proper  temperature  will  not 
be  maintained.  For  facility  in  doing  this,  sight  holes  should  be 
left  in  convenient  positions  in  the  front  wall  of  the  bench.  They 
should  always  be  scurfed  before  being  let  down,  otherwise  the 
unequal  contraction  of  the  incrusted  carbon  and  the  metal  of  the 
retort  in  cooling  will  cause  fracture  in  the  latter.  The  duration  of 
an  iron  retort  is  equal  to  the  production  of  about  700,000  to  800,000 
cubic  feet  of  gas.  The  best  temperature  for  them  is  that  ranging 
from  1660°  Pahr.  (cherry  red)  to  1880°  Pahr.  (bright  cherry  red). 
Any  temperature  beyond  this  is  apt  to  burn  or  soften,  and  so  cause 
distortion  of  the  retort. 

The  Regenerative  System  of  Heating  Retorts.— The  use  of 
gaseous  fuel  for  heating  retorts  has  made  rapid  progress  of  recent 

years.  From  a  scientific  point 
of  view  generator  (Figs.  15, 16) 
and  regenerative  furnaces  (Fig. 
17)  have  everything  to  recom- 
mend them.  The  saving  in 
fuel  by  their  adoption  is  con- 
siderable, even  on  the  best 
results  obtained  by  direct  coke 
firing,  but  they  offer  other 
marked  advantages.  ^*  Clinker- 
ing ''  at  the  base  of  the  retorts 
is  avoided,  and  consequently 
wear  and  tear  of  settings  is 
reduced ;  the  heats  are  higher 
and  steadier,  and  being  more 
easily  regulated  they  save 
manual  labour;  the  coal  is  car- 
bonized more  rapidly,  and  thus 
charges  of  shorter  duration  can 


Fig.  16. 


be  employed,  increasing  the  production  of  gas  per  mouthpiece  and 
economizing  space  in  the  retort  house. 

In  the  generator  furnace,  the  solid  fuel  is  converted  into  carbonic 
oxide  gas,  CO,  and  if  the  regenerative  system  is  not  superadded, 
the  gas  produced  is  mixed  with  the  entering  air  whilst  the  latter  is 
at  the  ordinary,  or  at  but  a  slightly  higher  temperature,  unassisted 
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by  the  waste  heat  from  the  flae.  In  some  instanoes  where  the  air  is 
heated^  the  heat  is  derived  from  the  active  heat  within  the  fomaoe^  and 
so  to  this  extent  (as  compared  with  the  regenerative  method)  detracts 
from  the  temperature  therein. 

In  the  regenerative  system  invented  by  Siemens,  the  hot  frimace 
gases,  after  they  have  done  their  work  in  tiie  oven,  and  which,  under 
ordinary  circumstances,  are  allowed  to  escape  up  the  chimney,  are 
utilized  in  heating  the  air  required  for  combustion. 

There  is  quite  a  variety  of  generators  in  actual  use,  and  though  they 
vary  in  the  details  of  their  construction,  and  in  their  position  either 
within  the  arch  of  the  retort  bench  or  outside  of  it,  the  principle  of 
action  in  each  is  identical. 


Fig.  16. 


Mr.  Webber  gives  the  following  concise  description  of  the  generator  : 
«  There  is  much  difference  in  the  details  of  generator  furnaces  as  at 
present  constructed  by  various  engineers ;  but  their  main  features  are 
always  alike,  and  are  remarkably  simple.  The  usual  form  of  the 
generator  itself  is  that  of  a  kiln,  generally  sunk  underground  or  beneath 
the  level  of  the  charging  floor  of  the  retort  house ;  the  capacity  of  the 
kiln,  of  course,  varying  with  the  amount  of  work  it  is  intended  to 
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perform ;  but  it  is  usually  about  one  and  a  half  diameters  in  height. 
The  form  of  cross-section  of  the  generator  may  be  either  rectangular 
or  round,  the  former  being  easier  of  construction,  although,  according 
to  Grahn,  the  latter  gives  better  results.    The  generator  is  fed  through 


Fio.  17. 

a  hole  in  the  top,  covered  with  an  air-tight  cap.  The  gas  is  usually 
taken  off  by  an  opening  near  the  top.  The  lower  part  of  the  generator, 
in  which  the  initial  combustion  commences,  is  subject  to  the  greatest 
wear,  especially  fix>m  the  formation  of  clinker.    The  air  is  admitted 
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eittier  by  a  grate  at  the  bottom  of  the  generator,  as  in  an  ordinary 
fomace,  or  by  openings  in  the  brickwork,  which  may  be  either  at  the 
sides  or  in  the  bottom — which  in  that  case  is  tapered  down  to  the  size 
of  the  opening — or  by  a  combination  of  the  two,  as  designed  by  Liegel, 
who  puts  a  fire  grate  nndemeath  the  opening  in  the  bottom  of  the 

generator The  generator  should  be  lined  with  at  least 

9  inches  of  the  best  fire-bricks,  between  which  and  the  surrounding 
walls  of  common  brickwork,  about  18  inches  thick,  a  space  of  about 
6  inches  is  left  to  be  filled  with  a  con^paratively  non-conducting 
material,  such  as  asbestos,  or  even  powdered  fire-bricks,  in  order  to 
diminish  the  loss  of  heat  by  radiation. 

*'  The  gas  channel,  by  which  the  products  of  combustion  leave  the 
generator,  varies,  according  to  circumstances,  from  a  short  connecting 
chamber  to  one  of  considerable  length ;  but  the  former,  or  some 
similar  plan,  is  obviously  preferable  when  it  is  convenient  to  adopt  it. 
In  all  cases  the  passage,  when  of  any  length,  must  be  provided  with  a 
damper. 

''  In  most  cases  a  generator  is  about  8  feet  to  8  feet  6  inches  square, 
which  is  sufficient  for  heating  two  large  settings  of  retorts.  For  one 
setting  half  this  area  will  suffice.  The  body  of  incandescent  coke  is 
usually  about  8  feet  deep,  although  it  might  be  reduced  to  half  that 
depth  without  vitiating  the  gas  produced  ;  still  it  is  best  to  keep  a  con- 
siderable margin,  in  order  to  avoid  risk  of  interruption  in  working, 
which  might  otherwise  be  caused  by  irregularity  in  charging  the  gene- 
rator, which  operation  would,  with  the  sizes  of  apparatus  above  speci- 
fied, be  necessary  at  four  or  five  hours*  intervals. 

«  The  generator  may  be  situated  anywhere  in  the  neighbourhood  of 
the  retort  bench.  The  furnace  gases  are  admitted  to  the  interior  of 
the  retort  stack,  guarded  as  much  as  possible  from  loss  of  their  acquired 
heat  while  in  transit,  and  there  mingle  with  the  proper  quantity  of 
previously  heated  air,  the  mixture  being  attended  with  instant  com- 
bustion." * 

On  the  principle  of  regeneration,  as  applied  to  the  heating  of  retorts, 
it  may  be  pointed  out  that  dry  air,  though  diathermanous  to  radiant 
heat,  takes  up  heat  with  extreme  rapidity  when  brought  in  contact 
with  a  hot  surfeu^e.  It  is  not  necessary,  therefore,  that  the  hot  flue 
passage  through  which  the  secondary  air  is  caused  to  travel  in 

♦  "  King's  Treatise  on  Coal  Gas,"  Vol.  III.,  p.  879. 
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order  to  be  heated  before  coming  in  contact  with  the  combustible 
gases  from  the  generator,  should  be  long-extended  and  tortuous  in  its 
course. 

The  advantages  of  the  so-called  regenerative  arrangements  as 
applied  to  retort  furnaces,  are  due  not  only,  or  chiefly  (though  this  is 
important),  to  the  heating  of  the  secondary  air,  which  is  readily 
accomplished,  but  largely  to  the  circumstance  that  the  heat  of  the 
waste  gases,  as  the  latter  traverse  the  passages  constructed  alongside 
the  furnace,  is  at  a  potential  higher  than  that  to  which  the  brickwork 
in  the  base  of  the  setting,  and  in  the  sides  of  the  generator  in  the 
absence  of  the  waste  gas  flues,  could  possibly  attain.  The  effect  of 
this  is  to  insulate,  as  it  were,  the  heat  of  the  furnace,  minimizing  out- 
ward radiation  and  conduction. 

Heat,  like  water  and  electricity,  tends  to  establish  an  equilibrium  ; 
and  the  lower  the  temperature  of  a  body  in  contact  with  another  at  a 
higher  temperature,  the  greater  the  abstraction  of  heat  fin)m  the  latter 
by  the  former. 

From  this  it  will  be  evident  that  the  function  ftdfllled  by  the  heat 
of  the  waste  gases  cannot  properly  be  considered  as  ''  regenerative," 
in  the  strict  sense  of  that  word.  Their  temperature  is  necessarily 
lower  than  that  of  the  furnace  and  the  inside  of  the  oven.  Heat 
cannot  travel  from  a  lower  to  a  higher  potential  any  more  than  water 
under  normal  conditions  can  travel  uphill,  and  therefore  it  is  not 
possible  for  the  lower  temperature  to  "  regenerate  "  the  higher.  The 
chief  function  of  the  heat  of  the  waste  gases  is  by  insulation,  as  already 
explained,  to  conserve,  in  the  ratio  of  their  own  temperature,  the  heat 
generated  by  combustion  in  the  furnace.  If  it  were  possible  to  enclose 
the  heated  ovens  of  a  retort  stack  on  all  sides  with  an  envelope  of 
heat,  it  is  obvious  that  the  heat  of  the  ovens  would  be  conserved,  a 
higher  and  steadier  temperature  maintained,  and  that  economy  of  fuel 
would  result. 

At  the  risk  of  some  repetition,  it  may  be  pointed  out  that  the 
secrets  of  success  in  generator  furnace-building  and  retort -setting, 
are: — 

(1)  To  make  sure  that  the  system  adopted  is  a  good  one. 

(2)  To  ensure  a  sound,  unyielding  and  dry  foundation. 
(8)    To  use  only  the  best  materials  and  workmanship. 

(4)    To  have  the  joints  of  the  brickwork  throughout  as  thin  and 
close  as  possible. 
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And  in  the  working  of  these : — 

(1)  To  get  up  the  heat  very  slowly  and  gently  at  the  outset, 

drying  the.  brickwork  gradually  and  thoroughly  at  a  low 
temperature. 

(2)  To  charge  the  generator  wiih  hot  coke  as  drawn  from  the 

retorts. 
(8)    To  carefully  regulate  the  primary  air  supply,  and  keep  the 

ash  pans  full  of  water. 
(4)    To  insist  on  the  generators  being  kept  fuU  of  coke.    If  this 
is  not  done,  CO3  instead  of  GO  will  be  produced  in  them, 
the  concentrated  heat  melting  down  the  brickwork,  instead 
of  doing  good  service  in  the  ampler  area  of  the  retort 
oven.    The  generators  should  be  filled  up  every  time  the 
retorts  are  drawn. 
If  a  gas  manager  has  complaint  to  make  of  the  regenerative  system 
and  settings  and  their  results,  then,  one,  or  other,  or  all  of  the  above 
points  have  been  neglected. 

Flues  and  Draught — For  a  double  stack  containing  eight  or  ten 
oveDs  or  benches  on  each  side,  the  main  flue  should  also  be  double, 
and  the  internal  dimensions  of  each  division  not  less  than  86  inches  in 
depth  by  15  inches  in  width.  For  even  a  less  number  of  ovens,  the 
size  of  the  flue  should  not  vary  greatly  fin)m  the  above. 

An  insufficient  draught,  whilst  it  invariably  results  in  diminished 
heats,  causes  a  waste  of  fuel,  from  the  consequent  incomplete  combus- 
tion in  the  furnace,  and  the  usual  hard  firing  that  accompanies  it. 
The  flame  which  is  occasionally  seen  at  the  top  of  a  retorfc-house 
chimney  is  significant'  of  this  defect.  The  flame  is  produced  by  the 
unconsumed  carbonic  oxide  uniting  with  its  due  proportion  of  oxygen 
on  coming  in  contact  with  the  atmosphere,  and,  by  combustion,  being 
converted  into  carbonic  acid.  When  the  proper  quai^tity  of  air  is 
supplied  to  the  combustion  chamber,  the  carbonic  oxide  produced  is 
there  converted  into  carbonic  acid,  and  the  heat  thus  generated  is 
utilized  for  the  distillation  of  the  coal  contained  in  the  retorts. 

An  excessive  draught  through  the  ovens  is  to  be  avoided,  as  well  as 
an  obstructed  one.  If  too  much  air  is  drawn  in,  its  effect  is  to  reduce 
the  heat,  as  well  as  to  cause  the  consumption  of  an  excess  of  fuel. 
Hence  the  importance  of  being  able  to  control  the  draught  by  means 
of  a  damper  placed  at  the  entrance  of  the  cross  flue  into  the  main  flue 
of  the  bench. 
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According  to  the  experimects  of  Dalong, 
1  lb.  of  hydrogen,  burning  to  water,  yields  62,585  units  of  heat. 

1  „   „  carbon,  „   to  carbonic  acid,       „     12,906  „ 

1  „   „  carbon,  „   to  carbonic  oxide,     „       2,495  „ 

1„   „  carbonic  oxide,  „  to  carbonic  acid,       „       4,478  „ 

Note. — The  English  standard  unit  of  heat  is  the  quantity  of  heat 
necessary  to  raise  the  temperature  of  a  pound  avoirdupois  of  water 
V  Fahr.  The  French  calorie  is  the  quantity  of  heat  required  to  raise 
1  kilo.  (2*2  lbs.  avoirdupois)  of  water  V  Centigrade. 

As  a  rule,  when  firing  with  coke,  cleaning  off  the  fire  bars  once  in 
12  hours  is  sufficient.  Too  frequent  cleaning  entails  a  waste  of  coke, 
besides  reducing  the  heat  of  the  oven. 

Instead  of  the  tall  chimney-stalk  at  the  end  of  the  retort  house,  it 
is  the  custom  to  erect  chimneys  or  shafts  of  less  altitude  immediately 
over  the  bench,  or  between  the  benches,  rising  a  few  feet  above  the 
roof,  and  serving  for  four  or  more  double  ovens  on  each  side.  These 
are  found  to  produce  a  sufficient  draught,  they  are  more  uniform  and 
regular  in  their  action,  and  their  cost  is  necessarily  less.  But  as  tiiey 
deliver  the  products  of  combustion  into  the  atmosphere  at  a  low  level, 
their  use  should  be  restricted  to  neighbourhoods  where  the  nuisance  is 
unobjectionable. 

When  the  room  can  be  spared,  it  is  best  to  erect  the  chimney  between^ 
and  apart  from,  the  retort  benches ;  so  that  when  the  latter  need  to  be 
taken  down  and  rebuilt,  the  chimney,  being  a  more  permanent  structure^ 
remains  undisturbed. 

Sometimes  each  bench  is  suppUed  with  a  small  shaft  for  its  own  use. 
In  some  American  gas-works  the  main  flue  and  chimney  are  dispensed 
with  altogether,  the  opening  in  the  crown  of  the  bench  being  found 
sufficient,  it  is  said,  to  afford  the  requisite  draught.  Even  assuming 
the  draught,'  under  such  conditions,  to  be  ample  for  ensuring 
perfect  heating  and  carbonization,  which  may  be  doubted,  the 
objections  to  allowing  the  hot  fumes  to  escape  into  the  retort  house 
underneath  the  roof,  are  sufficiently  obvious  to  cause  the  practice  to 
be  condemned. 

The  following  is  a  useful  rule  for  determining  the  size  of  the 
vertical  opening  in  retort-house  chimneys  about  70  feet  in  height : 
Allow  1^  square  inches  of  area  for  each  lineal  foot  of  retort,  or,  say, 
15  inches  per  mouthpiece.  Example. — Required  the  internal  sectional 
area  of  a  chimney-stalk  serving  ten  double  benches  of  eight  retorts,  or 
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sixteen  mouthpieces  each,  five  benches  on  each  side  of  chimney; 
retorts  20  feet  through,  total,  160  mouthpieces :  Then — 

160x16  =  2400    ^^^^ 

-jjj-= 16-66  square  feet  area. 

Analysis  of  Furnace  Oases. — For  ascertaining  the  composition 
of  the  spent  furnace  gases  from  retort  settings,  Bunte's  gas  burette  is 
well  adapted.  A  wrought-iron  tube  is  employed  for  collecting  the 
sample.  This  is  made  to  project  into  the  centre  of  the  flue,  and  is 
continued  for  some  distance  outside,  so  as  to  cool  the  gas.  The  better 
to  obtain  an  average  sample,  it  is  well  to  aspirate  a  much  larger 
quantity  of  gas  than  is  required,  and  take  off  the  sample  simul- 
taneously by  a  branch  tube. 

The  constituents  it  is  chiefly  necessary  to  determine  are  carbonic 
acid  and  oxygen.  The  former  is  absorbed  by  caustic  potash,  the  latter 
by  pyrogallate  of  potash.  For  details  of  the  manipulation,  HempePs 
or  Winkler's  works  on  gas  analysis  should  be  consulted. 

Should  it  be  also  required  to  determine  the  amount  of  carbonic 
oxide,  and  especially  for  the  analysis  of  combustible  producer  gas» 
Orsat-Muencke*s  apparatus  is  more  suitable.  The  latter  operation  is, 
however,  seldom  carried  out,  as  the  composition  of  the  spent  gas, 
or  products  of  combustion,  affords  a  good  indication  of  the  efficiency 
or  otherwise  of  the  furnace  and  setting. 

Under  good  conditions  the  spent  gas  should  not  contain  less  than 
15  or  16  per  cent  of  carbonic  acid,  nor  more  than  1,  or,  at  most,  2  per 
cent,  of  oxygen. 

Carbon  Deposit. — In  the  distillation  of  coal  a  deposit  of  carbon 
takes  place  within  the  retorts,  which,  if  allowed  to  go  on  accumulating, 
eventually  seriously  contracts  their  internal  area,  and  causes  a 
diminution  in  the  heats. 

This  deposit  is  due  principally  to  the  pressure  produced  by  the 
resistance  offered  to  the  passage  of  the  gas  through  the  different 
apparatus. 

Its  removal  by  scurfing  with  chisel  bars  in  the  ordinary  way  is 
always  more  or  less  attended  with  damage  to  the  retorts ;  the  more 
so  as  they  require  to  stand  off  for  6  or  12  hours,  to  loosen  the  carbon 
by  the  admission  of  air,  before  applying  the  bar. 

Different  methods  of  scurfing  have  been  tried  with  varying  success  ; 
the  best  probably  being  that  by  which  a  current  of  air  and  steam  is 
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made  to  impinge  upon  the  carbonaceous  deposit ;  but,  after  all,  the 
best  plan  of  obviating  the  difficulty  is  to  prevent  the  deposit  as  much 
as  possible,  by  minimizing  the  dip,  by  employing  an  exhauster  to 
reduce  the  back  pressure ;  and  by  frequently  scurfing  the  surfiEkce  of 
the  retorts  with  a  rounded  steel  scraper. 

In  the  slaking  or  quenching  of  hot  coke,  water  is  a  necessity.  It 
is  true  that  if  the  coke  is  drawn  from  the  retorts  into  iron  barrows, 
and  a  close  cover  placed  over  it,  the  confined  gases,  in  the  absence 
of  atmospheric  oxygen,  will  gradually  arrest  combustion  in  the  ma^ ; 
and  this  method  of  dealing  with  the  coke  is  sometimes  adopted  with 
a  view  to  abating  the  nuisance  of  the  escape  of  steam  charged  with 
sulphurous  vapours  from  the  retort  house,  and  to  preserve  the  coke 
for  sale  in  a  dry  and  bright  condition.  Where  the  production  of  coke 
is  great,  however,  as  in  the  case  of  large  works,  this  is  an  incon- 
venient, if  not  impossible,  method  of  dealing  with  the  material. 

The  quantity  of  water  absorbed  by  the  coke  when  it  is  slaked  in 
the  ordinary  way  is  comparatively  small,  not  exceeding,  on  the 
average,  15  per  cent,  of  the  weight  of  coke  in  the  first  instance,  and 
the  bulk  of  this  evaporates  when  the  coke  is  deposited  outside  the 
retort  house  in  the  open  air,  about  8  per  cent,  of  moisture  being 
permanently  retained. 

In  moderate  sized  works,  skilfully  conducted,  about  8}  cwt.  of  coke, 
or  25  per  cent,  of  the  production  (say,  18  cwt.)  of  coke  per  ton  from 
Newcastle  and  other  high-class  bituminous  coals,  is  used  as  fuel  to 
carbonize  one  ton  of  coal. 

In  large  works,  under  the  most  favourable  conditions,  and  with  the 
ablest  management,  the  consumption  of  coke  for  heating  the  ovens 
may  be  reduced  as  low  as  15  to  20  per  cent,  of  the  production. 

In  small  works,  one-third  the  production  of  coke  is  nearer  the 
average  consumption. 

Radiation  from  the  benches  is  reduced,  and  fuel  economized  to  an 
extent  greater  than  might  be  supposed,  by  temporarily  bricking 
up  the  furnace  doors  and  the  mouths  of  all  retorts  in  beds  not  in  use, 
in  proximity  to  others  in  action. 

Where  tar  is  unmarketable,  or  but  of  low  value,  and  there  is  a 
ready  sale  for  coke,  the  former  should  be  employed  in  heating  the 
retorts. 

Its  application  is  exceedingly  simple.  When  applied  to  an 
ordinary  furnace,  the  ash  pan  is  first  filled  up  with  breeze  ;  the  door 
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is  then  removed  and  the  door  space  bricked  up,  leaving  two  holes,  one 
above  the  other,  about  4  by  8  inches.  The  tar  is  supplied  through 
the  top  hole,  the  bottom  hole  being  for  the  admission  of  air,  and  to 
allow  of  the  fire  being  stirred  when  required.  A  piece  of  2*in. 
angle-iron,  or  a  grooved  fire-clay  slab,  or  other  convenient  channel, 
is  inserted  into  the  furnace  through  the  top  hole,  and  down  this  the 
tar  is  made  to  flow  in  a  stream  about  8-16ths  of  an  inch  thick. 
(Fig.  18.) 


Fw.  18. 


The  tar  can  be  taken  direct  fiK>m  the  hydraulic  main,  or  back  main, 
in  the  bottom  of  which  a  1-in.  wrought-iron  ferrule,  having  a  stop- 
cock attached,  is  screwed.  A  ^in.  reducing  coupling  is  then  put  on, 
and  this  size  of  pipe  brought  down  to  the  side  of  the  oven,  where  the 
tar  is  supplied  to  the  trough  through  a  nozzle  of  the  proper 
dimensions ;  or  a  jet  of  steam  directed  through  the  nozzle  may  be 
used  to  spray  the  tar  into  the  furnace. 

As  the  hydraulic  and  back  mains  will  not  supply  all  the  tar  necessary, 
a  pipe  should  also  be  brought  from  a  tank  or  cistern  erected  in  some 
convenient  place  outside  the  retort  house.  If  this  tank  is  placed  inside 
the  retort  house,  the  dust  arising  from  the  coal  mixes  with  the  tar 
and  hinders  its  flow.  Into  this  tank  a  supply  of  tar  should  be 
pumped  from  the  tar  well  as  required. 

The  objection  to  the  use  of  tar  as  fuel,  as  above  applied,  is 
that  the  intense  heat  which  is  generated  at  the  point  of  combustion 
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soon  destroys  the  arch  or  tiles  ondomeath  the  middle  retort,  breaking 
the  latter  down. 

As  this  retort,  in  the  ordinary  setting  of  fives  and  sevens,  is  the  one 
nsnally  first  burnt  oat,  it  is  advisable  to  restrict  the  use  of  tar  to 
those  benches  that  have  been  at  work  for  a  length  of  time,  and  in 
which  the  middle  retort  is  either  much  burnt  or  already  destroyed. 

Numerous  other  expedients  for  firing  by  means  of  tar  have  been 
put  forward,  but  the  above  has  the  merit  of  efficiency  with  cheapness 
and  extreme  simplicity.  In  the  event  of  a  deficiency  in  the  supply 
of  tar,  this  furnace  is  readily  reconverted  for  coke  firing. 

About  50  gallons  of  tar  used  as  fuel  will  carbonize  2^  tons  of  New- 
castle coal,  or  a  mixture  of  Wigan  coal  and  cannel,  in  24  hours. 

At  this  rate  about  6  gallons  of  t9X  are  equal  to  a  sack  (8  bushels) 
of  coke. 

The  Dinsmore  System. — This  system  (so  called  after  its  inventor) 
of  enrichiug  gas  by  the  conversion  of  a  portion  of  the  hydrocarbons 
present  in  the  tar  into  permanent  gas  of  a  high  illuminating  power,  has 
been  adopted  at  Widnes  under  the  supervision  of  Mr.  Isaac  Carr,  who 
has  introduced  various  modifications  in  the  method  of  its  application, 
by  which  results  of  an  important  character  have  been  obtained.  The 
chief  obstacle  to  the  success  of  all  previous  attempts  in  a  similar 
•direction  was  the  blocking  of  the  ascension-pipes  and  hydraulic  and 
foul  mains  with  pitch.  This  difficulty  has  now  been  overcome.  With 
one-third  of  the  carbonizing  plant  at  work  on  the  tar  system,  about 
10,000  cubic  feet  of  gas  per  ton,  of  an  illuminating  power  equal  to 
19  standard  candles,  are  obtained  from  an  inferior  class  of  coal. 

Retort  Bench  Mountings. — The  brickwork  of  the  retort  stack  is 
braced  together  with  buckstaves  and  tie  rods,  apj^ed  both  longitudinally 
and  transversely,  to  enable  it  to  resist  the  expanding  action  of  the 
heat.  The  buckstaves  are  preferably  made  of  wrought-iron  or  steel, 
either  rolled  H  (Fig.  19),  or  rail  section  (Fig.  20) ;  or  formed  of  two 
fiat  bars  6  in.  wide  and  at  least  1^  in.  thick,  with  cast-iron  distance 
pieces  between,  through  which  the  two  fiat  bars  are  riveted  together 
with  }-in.  rivets.    (Fig.  21.) 

The  boss  A,  with  hole  therein,  is  intended  to  receive  the  wrought- 
iron  pipe,  1-in.  diameter,  leading  from  the  8-in.  water  main  on  the  top 
of  the  retort  stack.  To  the  end  of  this  pipe  a  brass  swivel  is  attached, 
and  {torn  this  again  a  piece  of  1-in.  steam  tubing,  11  inches  long, 
projects,  having  a  brass  swivel  cock  at  its  end;  a  tube  of  }  of  an  inch 
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Pio.  19.  Fio.  20. 
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Fia.  22. 


Fia.  28. 


Fio.  21. 
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diameter  is  screwed  thereto,  and  terminates  in  a  4-in.  brass  rose  jet, 
through  which  water  is  discharged  for  slaking  the  coke  as  it  is  drawn 
from  the  retorts.  (Fig.  22.) 

The  tie  rods  are  of  2-in.  round  or  square  iron,  threaded  6  in.  at  each 
end,  and  famished  with  strong  hexagon  nuts  and  washers. 

A  |-in.  steel  plate,  extending  the  width  of  the  stack,  and  2  ft. 
deep,  placed  in  a  recess  at  the  end  or  buttress  wall  opposite  the 
springing  of  the  arches,  and  underneath  the  buckstaves,  helps 
materially  to  bind  the  brickwork  together,  and  prevents  undue 
expansion. 

The  ash  pan,  where  coke  firing  is  employed,  may  be  of  wrought 
plate-iron  6-16  in.,  or  of  cast-iron  7-16  in.  thick.  The  usual 
dimensions  are:  Length  5  ft.,  width  12  in.,  depth  10  in.,  outside. 
(Fig.  28.)  The  pan  should  always  be  kept  charged  with  water.  The 
water,  heated  by  the  glowing  coke,  gives  off  steam  in  considerable 
volume,  and  this,  rising  underneath  and  between  the  furnace  bars, 
contributes  to  the  durability  of  these  by  keeping  them  comparatively 
cool.  In  its  passage  through  the  hot  coke  the  steam  is  decomposed 
into  its  constituent  gases,  the  hydrogen  adding  to  the  furnace  fuel,  and 
the  oxygen  promoting  combustion.  A  tidy  fire  about,  with  the  ash 
pan  charged  with  water  and  reflecting  the  bright  fire  between  the 
bars,  is  one  of  the  indications  of  good  stoking. 

The  grate  bars  are  two  or  three  in  number  and  80  in.  to 
86  in.  long,  made  of  2-in.  wrought  bar-iron,  and  supported  on  two 
bearing  bars  8  in.  square  in  section,  24  in.  long,  their  ends  built  into 
the  brickwork. 

The  furnace  frame  and  door  (Fig.  18)  are  of  cast-iron,  the  latter 
with  pocket  to  receive  a  tile  or  fire-brick  Uning.  Cast-iron  cleaning- 
out  and  sight-hole  boxes  with  plugs  are  built  into  the  front  wall  of  the 
setting. 

The  retort  mouthpiece,  of  cast-iron,  is  round,  D-shaped,  or  oval,  to 
suit  the  retort,  and  15  in.  deep  from  front  to  back,  with  plugs  for 
fastening  to  the  retort  with  seven  {-in.  bolts.  It  has  a  socket  to  receive 
the  ascension-pipe  end,  and  is  furnished  with  lugs,  cross  bar,  and  screw 
for  securing  the  luted  lid,  which  is  of  plate  iron  or  steel  }  in.  thick, 
with  lug  on  each  side,  and  dished. 

The  following  are  the  details  of  a  mouthpiece  for  an  oval  retort 
21  in.  by  15  in.,  and  will  serve  as  a  model  for  any  other  size  and  shape^ 
allowance  being  made  for  varying  dimensions.  (See  Figs.  24  to  27.) 
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Depth  from  front  to  back,  over  all,  15  in. 
Thickness  of  metal  in  front  portion,  f  in. 

Ditto  in  lip,  1  in.,  and  planed  leyel* 

Ditto  in  flange,  1  in. 

Width  of  flange  in  front,  8f  in. 

Ditto  at  back,  4  in. 

Number  of  bolt  holes,  eight ;  diameter,  1  in. 
Ear-box  on  each  side,  with  slot  2  in.  by  f  in. 
Socket,  to  receive  end  of  ascension-pipe,  5  in.  in  height,  and  6^  in. 

diameter  inside ;  centre  5  in.  from  front. 
Bolts,  for  securing  mouthpiece  to  retort,  eight ;  diameter,  i  in. ; 

screwed  and  nutted  at  both  ends. 
Lugs  of  wrought-iron,  14  in.  long,  2  in.  broad,  and  |  in.  thick ; 

one  with  jaws  and  pin  for  hinging  cross-bar,  the  other  cranked 

and  notched  as  in  Fig.  27.    Slit  at  opposite  end,  2  in.  long, 

i  in.  wide  ;  wedged  to  ear-box. 
Cross-bar  of  wrought-iron,  25  in.  long,  2  in.  broad  at  each  end, 

and  i  in.  thick.    Middle  part  2^  in.  broad,  swelled  out  to  2  in. 

thick,  with  1  in.  screwed  hole  through  centre. 
Screw,  10  in.  long,  with  square  thread  7  in.  of  its  length. 
Cross  handle,  14  in.  long,  }  in.  round-iron. 
Lid,  i  in.  thick,  plate-iron,  dished,  with  lug  on  each  side. 


Fig.  24. 


Fio.  25. 
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Cements  for  Jointing  Moatlipieces,^-' 

To  clay  retorts — 

Three-fourths  by  weight  of  fire-clay. 
One-fourth  by  weight  of  iron  borings. 
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When  ready  to  connect,  mix  with  ammoniacal  water.    Use  no  solphor. 

Or,- 
20  lbs.  gypsum  (sulphate  of  lime)  made  into  a  pulp  with  water. 
10  lbs.  iron  borings  saturated  with  a  strong  solution  of  sal  ammoniac. 
Mix  well  together  till  of  a  consistency  fit  for  use. 

In  fixing  the  mouthpieces  to  clay  retorts,  the  flange  or  face  of  the 
retort  should  be  notched  all  over  with  a  sharp-pointed  hammer,  or  a 
slight  channel  cut  all  round  (this  is  best  done  by  the  retort  maker  in 
course  of  manu£EU^ture),  for  the  cement  to  bed  into  when  the  bolts  are 
screwed  up. 

For  iron  retorts — 

2  lbs.  fine  clean  iron  borings. 
1  OE.  sal  ammoniac. 
1  oz.  flowers  of  sulphur. 

Mix  together  and  keep  dry.  When  required  for  use,  add  water  to 
bring  the  mixture  to  a  proper  consistency. 

Besides  being  fastened  with  bolts,  mouthpieces  should  always  be 
supported  by  cross-bars  pressing  against  the  flanges,  the  ends  being 
secured  to  the  buckstaves. 

Luting  for  Retort  L/<l8.— Ordinary  lime,  or  spent  lime  from  the 
purifiers  mixed  with  fire-clay  or  common  clay,  and  worked  up  into 
mortar. 

The  following  makes  a  tough  persistent  luting : — 

1  part  lime. 

2  parts  moulding  sand. 
Oround  up  together,  with  water,  in  a  mortar  mill. 

Self-sealing  retort  lids  are  extensively  used.  This  lid  is  not  removed 
from  the  mouthpiece  in  charging  the  retort,  but  swivels  round  with 
the  hinged  cross  bar,  to  which  it  is  secured.  It  is  made  in  any  form 
to  suit  the  shape  of  the  retort,  with  upturned  semi-circular  edge,  faced 
true.  This  pressing  against  the  flat  edge  of  the  mouthpiece,  which  is 
also  faced,  makes  a  gas-tight  joint  without  the  intervention  of  luting. 

The  ascension  or  stand  pipes  may  be  of  cast  or  wrought-iron,  and 
should  not  be  less  than  5  in.  diameter.  Pipes  of  6  in.  diameter  are 
commonly  adopted. 

The  best  caulking  material  for  ascension-pipes  at  their  junction 
with  the  mouthpiece  socket,  is  ordinary  ground  fire-clay,  or  slaked 
lime,  made  of  the  consistency  of  putty.  These,  when  pressed  down 
into  the  space  between  the  spigot  and  socket,  make  a  perfectly  tight 
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.and  durable  joint,  and  are  easily  removed  when  the  retorts  need 
renewing.  On  the  other  hand,  when  the  joints  are  caulked  with  iron 
cement,  the  labour  in  cutting  it  out  and  the  risk  of  splitting  the  socket 
are  considerable. 

Ascension-pipes  occasionally  become  choked  to  a  greater  or  less 
degree  with  thick  tar,  pitch,  and  other  carbonaceous  matter.  When 
this  occurs,  it  is  well  to  let  as  many  as  can  be  spared  at  once  stand  off 
for  a  shift  (provided  the  retorts  are  in  condition  to  admit  of  this), 
drawing  the  charge  and  removing  the  bonnet  or  plug  from  the  top  of  the 
bridge-pipe.  The  heated  air  making  its  way  through  the  smallest 
aperture  will  thorou^y  dear  them  of  the  obstruction. 

Drawing  off  the  thick  tar  fin)m  the  hydraulic  main,  and  allowing  free 
exit  of  the  gas  from  the  latter,  and  keeping  the  pipes  cool,  are  the 
best  preventives  of  choking.  This  latter  may  be  accomplished  to 
a  great  extent  by  making  the  front  walls  of  the  ovens  1^  bricks  thick, 
so  preventing  undue  radiation  from  the  bench,  and  having  the  mouth- 
pieces of  the  retorts  so  constructed  as  to  allow  of  the  pipes  standing 
6  or  8  inches  away  from  the  front  wall  of  the  oven. 

The  bridge  and  dip  pipes  are  of  cast-iron  and  5  in.  is  the  usual 
diameter.     The    bridge-pipes    are   made   in    various   useful  forms 


Fig.  28. 


Fio.  29. 


(Figs.  28  and  29).     The  chief  consideration  in  the  design  should 
be  to  secure  easy  access  to  their  interior  for  clearing  purposes  in  case  of 
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The  quantity  of  water  thus  yielded  vaties  with  different  coals,  but  the 
average  yield  may  be  set  down  at  16  gals,  per  ton.  It  has  previously 
been  explained  (see  page  15)  that  a  portion  of  the  steam  from  wet  coal 
is  decomposed  in  the  hot  retorts,  being  resolved  into  its  constituent 
gases.  It  will  be  seen,  therefore,  assuming  the  correctness  of  this 
hypothesis,  that  two  opposite  processes  are  being  carried  on  simul- 
taneously in  the  retorts — the  analytical  and  the  synthetical — and  this 
apparently  inconsistent  action  may  be  explained  by  the  original  charac- 
ter of  the  substance  acted  upon — the  steam  in  the  one  instance,  and 
the  gases,  oxygen  and  hydrogen,  in  the  other — and  their  proximity 
to,  and  period  of  contact  with,  the  hot  surface  traversed  by  them. 

The  strong  af&nity  which  exists  between  this  water  and  the  ammonia 
impurity  in  the  crude  gas,  causes  the  absorption  of  much  of  the  latter 
by  the  former,  producing  what  is,  roughly  speaking,  a  solution  of 
ammonia.  This  again,  by  reasoA  of  its  af&nity  for  sulphuretted 
hydrogen  and  carbonic  acid,  absorbs  a  proportion  of  the  gases  named, 
reducing  the  amount  of  these  impurities  in  the  gas,  and  thus  is  pro- 
duced the  complex  liquid  designated  <*  ammoniacal  liquor." 

The  hydrocarbons  contribute  largely  to  the  illuminating  power  of 
the  gas,  and  it  is  therefore  desirable  to  retain  them  in  the  permanently 
gaseous  form.  Some  of  them,  especially  such  as  are  of  the  greatest 
density,  are  reduced  to  the  liquid  state  by  the  mere  mechanical  reduc- 
tion of  their  temperature ;  whilst  others  of  equal  specific  gravity,  and 
many  of  those  of  lower  density,  undergo  a  change  from  the  gaseous 
to  the  liquid  condition,  by  reason  of  the  solvent  or  absorbent  action 
of  the  liquid  contents  of  the  hydraulic  main,  through  which,  by  reason 
of  the  dip,  they  have  to  pass  ;  or  with  which,  in  the  absence  of  the 
dip,  they  come  intimately  in  contact.  The  former  may  be  classed  as 
hydrocarbon  vapours,  the  latter  ad  gaseous  hydrocarbons.  It  is  thus 
evident  that  the  process  of  condensation  begins  at  the  hydraulio 
main,  the  results  there  produced  materially  affecting  the  quality  of 
the  gas. 

Those  hydrocarbons  that  are  changed  to  the  liquid  form  by  this 
slight  diminution  of  temperature,  it  is  probably  impossible  to  retain 
in  the  gas  under  any  circumstances  whatsoever.  With  the  more 
volatile,  though  still  heavy,  hydrocarbons,  the  case  is  different ;  the 
power  of  retaining  them  in  the  permanently  gaseous  form  is  within 
the  bounds  of  possibility,  and  these  are,  therefore,  of  the  greatest 
interest  to  the  gas  manufacturer. 
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A  farther  class  of  hydrocarbons  are  not  liqaefied  at  all  tmder  ordi- 
nary conditions,  and  there  should  never  be  any  difficulty  experienced 
in  keeping  them  in  the  gaseous  state. 

The  retention  in  the  gas  of  the  second  class  of  hydrocarbons — viz., 
those  which,  though  of  high  specific  gravity,  it  is  practicable  to  retain 
in  the  gaseous  state,  and  how  this  is  most  likely  to  be  accomplished, 
greatly  concerns  the  gas- maker.  It  has  been  assumed  that  the  mere 
reduction  of  temperature  between  the  retort-mouth  and  the  hydraulic 
main  will  not  affect  their  gaseous  condition.  Under  what  other  cir- 
cumstances, then,  are  they  condensed  in  the  hydraulic  main,  and  in 
the  subsequent  mains  leading  to  the  condenser  ?  The  answer  is  clear, 
and  is  what  has  been  already  indicated — ^viz.,  by  the  affinity  which 
exists  between  them  and  the  already  liquefied  hydrocarbons  present  in 
the  mains. 

The  cooling  of  the  gas  gradually  is  a  provision  the  wisdom  of  which 
is  unquestionable,  and  the  plan  of  causing  it  to  make  the  circuit  of  the 
retort  house  in  pipes  is  probably  the  best  method  of  accomplishing 
that  object ;  but  the  deposited  tar  in  the  hydraulic  main  and  in  the 
foul  main  at  the  point,  as  near  as  can  be  ascertained,  when  its  tem- 
perature has  fallen  to  about  110°  or  100°  Fahr. — the  temperature  at 
which  its  absorbent  powers  come  into  most  active  operation — should 
be  drained  away  direct  to  the  tar- well  by  its  own  separate  con- 
ductor. 

The  chief  advantages  believed  to  accrue  from  lengthened  contact  of 
the  gas  with  the  tar  are,  first,  the  absorption  by  the  latter  of  naphthalene 
that  would  otherwise  be  carried  forward  to  be  deposited,  by  reason  of 
the  decrease  in  temperature  and  other  causes,  in  the  mains  on  the 
works,  and  even  in  tbe  street  mains,  service  pipes,  and  the  internal 
fittings  on  the  premises  of  consumers ;  and,  secondly,  the  absorption 
also  of  a  considerable  portion  of  the  obnoxious  sulphur  and  other 
compounds. 

These  advantages  will  not  be  forfeited  by  the  direct  removal  of  the 
bulk  of  the  tar,  because  sufficient  light  tar  will  be  left  in  the  circuitous 
gas  main  to  absorb  any  excess  of  naphthalene  vapour  present,  and 
even  to  assimilate  a  portion  of  the  sulphur  and  other  impurities. 
Besides  this,  as  the  general  effect  will  be  to  leave  a  larger  proportion 
of  the  gaseous  hydrocarbons  in  the  gas,  these,  by  virtue  of  the  power 
which  they  possess  in  common  with  the  liquid  hydrocarbons,  of 
assimilating — and,  in  this  special  case,  of  suspending — other  hydro- 
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carbons,  will  necessarilj  assist  in  retaining  in  the  permanent  form  a 
portion  of  the  naphthalene  that  wonld,  in  presence  of  the  greater 
balk  of  tar,  have  been  liquefied  and  deposited.  By  a  similar  train 
of  reasoning,  the  fact  of  the  inferior  qoalitj  of  the  tar  produced 
from  the  richer  cannels,  as  compared  with  that  from  coal,  may  be 
explained. 

In  dealing  with  this  subject,  it  has  been  assumed  bj  some  that  no 
absorbent  action  is  likely  to  result  so  long  as  the  tar  with  which  the 
gas  is  in  contact  is  at  a  temperature  of  about  100^  Fahr.,  and  above ; 
and  that,  therefore,  the  dip  in  the  hydraulic  main  causes  no  diminution 
in  the  amount  of  hydrocarbon  gases  present.  It  has  even  been  assumed 
that  the  tar  in  the  main  gives  off  a  proportion  of  hydrocarbon  vapour, 
and  in  this  way  increases  the  illuminating  power  of  the  gas.  On  reflec- 
tion, however,  it  will  be  plain  that  this  argument  is  altogether  unten- 
able, for  it  is  scarcely  possible  to  conceive  that  hydrocarbons  which 
have  already  been  liquefied  at  a  high  temperature,  can  again,  at  a  lower 
•temperature,  assume  the  gaseous  or  vaporous  form.  There  can  be  no 
doubt  that  the  heavy  tars  have  an  absorbent  action,  less  or  more,  at 
all  temperatures,  being  greatest  at  the  lowest ;  and  this  being  so,  the 
passtLge  of  the  gas  through  such  tars  by  reason  of  the  dip  in  the 
hydraulic  main,  must  have  a  prejudicial  effect  upon  the  illuminating 
constituents  of  the  gas.  On  the  other  hand,  where  means  are  employed 
for  removing  the  heavy  tars  from  the  main  as  rapidly  as  possible  after 
they  are  deposited,  the  disadvantages  of  the  dip  into  the  lighter 
liquors  contained  therein  are  reduced  almost  to  nil.  This  is  especially 
true  where  the  arrangements  are  such  that,  by  careful  adjustment, 
and  an  adequate  area  at  the  water  level,  the  dip  is  limited  to  about 
three-fourths  of  an  inch. 

It  is  desirable  that  the  ends  of  the  dip-pipes  in  the  hydraulic  main 
should  be  sealed  with  the  ammoniacal  liquor  in  preference  to  the  tar, 
the  latter  not  only  robbing  the  gas  to  some  extent  of  its  richest  illu- 
minating substances,  but  offering  greater  resistance  to  its  passage. 
Various  expedients  to  accomplish  this  end  have  been  devised  and  are 
in  use  in  well-regulated  gas-works. 

Livesey  and  Tanner*s  Differential  Tar  and  Liquor  Overflow  and 
Tar  Screen  is  a  useful  provision  for  separating  the  tar  and  liquor  by 
means  of  a  perforated  screen,  preventing  the  oscillation  of  the  liquor 
in  the  main  and  allowing  of  a  minimum  of  seal.  The  arrangement 
for  adjusting  the  difference  of  seal  required  for  drawing  off  the  tar 
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and  liquor  separately  acoordiDg  to  their  specific  gravities,  is  also  very 
ingenious  and  useful. 


Fio.  84. 


The  hydraulic  main,  and  con- 
sequently the  dip  or  seal,  can  be 
dispensed  with  altogether  by 
employing  a  bridge-pipe  with  a 
wing  valve  in  the  centre  of  the 
bridge  (Fig.  84).  This  is  shut 
by  means  of  a  rod  depending 
from  the  end  of  the  lever,  during 
the  operation  of  drawing  and 
charging,  and  opened  again 
when  the  retort  lid  is  closed. 

It  is  well  known  that  the  gas 
as  it  ascends  to  the  hydraulic 
main,  after  being  in  contact 
with  the  intensely  heated  surface 
of  the  retorts  in  which  it  is 
generated  from  the  coal,  is  of 
The  reason  of  this  is  not  apparent 


a  comparatively  low  temperature, 
at  a  cursory  glance. 

At  first  sight  it  would  appear  as  though  the  action  upon  the  gas  in 
a  retort  would  be  similar  to  the  efifect  upon  air  by  the  ovens  of  blast 
furnaces,  where  a  million  cubic  feet  are  heated  in  the  space  of  an  hour 
to  683°  Fahr.,  the  melting  point  of  lead.  So  far  from  this  being  the 
case,  the  permanent  gas  at  its  highest  temperature  does  not  probably 
exceed  185°  Fahr.,  though  generated  in  a  heat  usually  reaching  2200°. 
The  reason  of  the  di£ference  in  the  effect  produced  in  the  two  in- 
stances given,  is  explained  by  the  fact  of  the  rapid  absorption  of  heat 
by  the  volatile  constituents  of  the  coal  in  assuming  the  gaseous  form  ; 
this  heat  becoming  latent  in  the  gas,  as  in  the  case  of  the  formation  of 
steam  in  an  open  boiler. 

The  following  is  a  record  of  experiments  made  by  the  writer  to 
determine  the  temperature  of  the  gas  as  it  issues  from  the  retort : — 

Experiment  No,  1. 
This  experiment  was  conducted  entirely  under  the  usual  conditions 
of  working. 
Clay  retort,  20  feet  through,  one  in  a  setting  of  seven. 
Heat,  bright  cherry  red. 
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Hole  drilled  in  both  ascension-pipes  8  feet  above  the  montbpiece. 

Betort  charged  with  4  cwt.  of  cannel. 

Temperature  indicated  on  insertion  of  thermometer  through  the 
hole  on  one  side  of  bench,  198^  Fahr. 

Temperature  indicated  on  insertion  of  thermometer  through  the 
hole  on  the  other  side,  510°  Fahr. 

The  temperatures  indicated  were  clearly  not  those  of  the  gas.  In 
attaining  the  higher  temperature,  especially,  the  mercury  rose  by 
starts  at  the  rate  of  8°  to  5°  at  once,  evidently  caused  by  hot  particles 
of  solid  carbon,  or  other  solid  or  semi-fluid  substances,  coming 
suddenly  in  contact  with  the  bulb  of  the  thermometer. 

The  remarkable  difference  in  the  temperature  of  the  two  sides  is 
accounted  for  in  this  way.  On  the  side  in  which  198^  was  indicated 
the  dip-pipe  was  probably  sealed  to  a  greater  depth  in  the  hydraulic 
main,  and  consequently  the  flow  of  gas  was  neither  as  abundant  nor 
as  rapid  on  that  side  as  on  the  other.  This  was  evidenced  by  the 
thermometer  on  withdrawal  being  found  less  thickly  coated  wiUi  tar 
than  in  the  other  case.  The  gas  was  in  a  more  quiescent  state,  and 
therefore  there  was  not  the  same  rush  of  hot  solid  particles  against 
the  bulb  to  raise  the  temperature  abnormally. 

It  may  be  noted  incidentally  here,  that  indications  of  temperature 
thus  obtained  would  prove  whether  the  ascensicm-pipes  at  the  two 
ends  of  a  through  retort  were  each  taking  their  due  share  of  the 
gas  being  produced. 

Experiment  No.  2. 

The  conditions  were  the  same  as  in  the  previous  instance ;  but  in- 
stead of  inserting  the  thermometer  directly  through  the  hole  in  the 
ascension-pipe,  the  end  of  a  piece  of  india-rubber  tube,  12  inches 
long,  f -inch  bore,  was  pressed  against  the  oriflce,  and  the  gas  allowed 
to  flow  in  a  stream  through  the  tube.  The  object  of  employing  the 
tube  was  to  obviate,  if  possible,  the  contact  of  the  semi-solid  or 
semi-fluid  substances  previously  referred  to. 

The  result  was  :  Temperature  indicated  on  one  side  250^,  ditto  on 
the  other  side  824"". 

The  rise  of  the  mercury  was  still  somewhat  irregular,  and  the  instru- 
ment, so  much  as  was  inserted,  was  again  thickly  coated  with  tar. 
Experiment  No,  8. 

One  end  of  the  through  retort  was  now  bricked  up,  being  made 
perfectly   gas-tight,    the   gas  passing   away   by   one    only   of  the 
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asoension-pipes ;  in  point  of  fact,  the  retort  was  made  single  instead 
of  through. 

In  a  short  donble-flanged  piece  of  the  ascension-pipes,  within 
8  inches  of  the  top  of  the  mouthpiece,  were  inserted  six  layers  of  iron 
wire  netting,  cnt  into  discs,  accurately  fitting  the  bore  of  the  pipe. 
Three  of  these  discs  had  meshes  one-eighth,  and  the  other  three 
three-sixteenths  of  an  inch  gauge ;  and  the  discs  were  kept  three- 
fourths  of  an  inch  apart  by  sheet-iron  rings,  inserted  edgeways  into 
the  pipe. 

The  charge,  2  cwt.  of  oannel,  thrown  into  the  retort,  happened  to 
be  taken  from  a  heap  that  had  been  exposed  to  the  rain,  and  there 
was  considerable  moisture  present. 

The  hole  through  which  the  thermometer  was  inserted,  as  in  the 
previous  experiments,  was  8  feet  above  the  mouthpiece. 

The  following  were  the  temperatures  indicated : — 


Time. 
Minntes. 
10  . 
15  . 
20  . 
25  . 
80  . 
,  85  . 
40  . 
45  . 
50    . 


Temp.  F«hr. 

Degrees. 

200 

Time. 

Minntea. 

55  . 

198 

00  . 

195 

66  , 

192 

90  . 

190 

106  . 

188  .. 

.120  . 

184 

180  . 

182 

140  . 

179 

160  . 

Temp.  Pahr. 
Degrees. 
177 
174 
172 
160 
158 
150 
150 
148 
142 


Through  all  the  higher  temperatures,  down  to  172°,  steam  was 
condensed  into  drops  upon  a  piece  of  paper  held  in  the  stream  of 
gas  issuing  from  the  hole.  Tar,  though  not  entirely  absent,  was 
nearly  so,  the  instrument  on  each  withdrawal  being  but  alighUy 
coated.  The  temperature,  with  but  few  exceptions,  rose  with  great 
regularity  from  that  of  the  atmosphere  of  the  retort  house  (74^j  to 
the  rates  observed,  showing  that  the  semi-solid  particles,  which  were 
evidently  the  cause  of  the  high  temperatures  previously  indicated, 
had  been  nearly  all  arrested  by  the  wire  netting. 

The  higher  temperatures,  I  am  of  opinion,  were  due  to  the  pres- 
ence of  steam  in  the  gas  in  varying  proportions,  and  this  latter 
would  be  caused  by  the  moisture  in  the  coal. 

f2 
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Experiment  No.  4. 

The  retort  was  again  charged,  this  time  with  2  cwt.  of  oannel  in 
a  drier  state.    All  the  other  conditions  were  as  in  the  previous  trial. 
The  following  were  the  results  obtained : — 


Time. 

Temp.  Fahr. 

Time. 

Temp.  Fahr. 

linatM. 

Degre.!. 

Hoan. 

Degrves. 

2    . 

158 

IJ    .           .           . 

129 

7    . 

174 

2      .         .         . 

128 

12   . 

177 

2}  -.         . 

122 

17   . 

172 

2J    .         . 

119 

22   . 

171 

2}    .         . 

118 

27   . 

169 

8      . 

116 

82   . 

168 

8J   .         . 

118 

76   . 

141 

8i    .         . 

110 

90   . 

1«4 

During  the  first  half-hour  of  the  charge,  the  presence  of  steam, 
mixed  with  the  issuing  gas,  was  indicated  as  before,  but  less  abun- 
dantly, though  still,  doubtless,  affecting  the  results  obtained.  When 
the  temperature  of  the  gas  within  8  feet  of  the  mouthpiece  was  at 
174^,  it  stood  at  182^  in  the  bridge-pipe,  14  feet  higher  up. 

Temperature  of  tJie  Gas  in  the  Bridge-Pipe,  li  feet  from  tlie  Betort 
Mouthpiece, 


Experiment 

2-cwt.  Cburges. 

Temp,  of  the  Oaa' 

No.  1       . 

.      retort  charged  1   hour 

185°  Fahr. 

»    2      .        . 

„            „       8   boors 

.        .        116°    „ 

)f    8      •        • 

„       4i  hours 

.        .        119«    ,. 

It  may  be  suggested  that  the  effect  of  passing  the  gas  through  the 
wire  netting  would  be  to  lower  the  temperature  of  the  gas,  just  as  the 
wire  gauze  on  a  Davy  lamp  reduces  the  temperature  of  the  flame  im- 
pinging against  it.  The  conditions  of  the  two  cases,  however,  are 
entirely  different.  The  meshes  were  sufficiently  large  to  admit  of  an 
easy  passage  for  the  gas,  and  the  metal  would  be  immediately  covered 
with  a  thick  coating  of  tar,  virtually  producing  insulation.  In  addition 
to  that,  the  temperature  within  6  inches  of  the  front  of  the  bench 
was  208^ ;  and  the  metal  of  the  ascension-pipe,  as  well  as  the  inserted 
wire  netting,  would,  as  a  rule,  be  above  the  temperature  of  the  gas. 
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The  results  of  these  researches  will  be  found  to  confirm>  in  a  remark- 
able manner,  the  deductions  of  earlier  investigators.* 

*Mr.  J.  T.  Sheard  differs  from  the  oodcIusIodb  attempted  to  be  drawn  from  the 
experiments  recounted  above,  and  his  opinion  carries  weight  with  the  writer. 
In  a  oommnnioation,  he  says  :— 

Coal  mast  be  raised  to  600^  F.  before  any  volatile  matters  whatever  are  given 
off,  and  so-called  permanent  gases  are  not  formed  until  a  temperature  of  about 
HOC'  F.  is  attained.  Without  being  able  to  dogmatize,  it  is  safe  to  assume  that 
heavy  hydrocarbons— volatile  at  the  temperature  of  the  retort,  but  liquid,  or  even 
solid,  at  atmospheric  temperatures— are  first  formed  ;  which,  with  more  heat,  are 
graduaUy  broken  up  into  lighter  compounds  of  less  complex  composition,  permanent 
simple  gases  being  the  ultimate  products.  With  the  first  class  of  substances  the 
action  is  similar  in  effect  to  the  melting  of  ice  into  water,  and  its  conversion  into 
eteam  when  saffioient  heat  is  applied.  A  great  portion  of  the  total  beat  supplied 
becomes  latent  in  the  steam ;  but  the  steam  is  evolved  at  the  boiling  temperature, 
JilS9F.at  least;  that  is,  it  has  itself  acquired  the  temperature  at  which  it  was  formed. 
So  the  hydrocarbon  vapours  formed  at  600'^  F.  or  KW  F.,  must,  at  the  instant  of 
liberation,  be  themselves  of  the  temperature  at  which  they  were  evolved  from  the 
ooal  or  semi-liquid  intermediate  product  from  which  they  were  formed. 

Your  contention,  I  take  it,  however,  is  that  the  permanent  gases  are  in  a  different 
category  because  of  their  greater  latent  heat,  and  the  fact  that  they  are  naturaUy 
gaseous  at  a  much  lower  temperature  than  that  at  which  they  are  formed  in  the 
retort  I(  seems  impossible  to  put  the  matter  directly  to  the  test,  but  I  cannot  con- 
ceive bow  a  particle  of  gas,  formed,  say,  within  a  mass  of  hydrocarbcm  vapour,  can 
be  liberated  at  a  temperature  much  lower  than  that  of  the  atmosphere  in  which  it  is 
created.  In  default  of  proving  the  point  in  a  direct  manner,  I  have  tested  it 
indirectly  by  inquiring  whether,  assuming  the  gas  to  be  liberated  at  the  higher  tem- 
perature, the  known  laws  of  cooling  are  sufficient  to  account  for  the  great  loss  of  heat 
which  you  observed  immediately  after  the  gas  had  left  the  hot  retort. 

The  temperature  of  the  gas  in  the  ascension-pipe,  8  feet  from  the  mouthpiece, 
was  found  to  be  174°  F.,  while  in  the  bridge-pipe,  14  feet  higher  up.  it  was  182°  F. 

I  assume  that  the  retort  was  yielding  gas  at  the  rate  of  6,000  cubic  feet  per  day,  or 
say  9  lbs.  of  gas  and  9  lbs.  of  tar  and  liquor  =  18  lbs.  total  weight  of  gases  and  vapours 
evolved  per  hour.  I  take  the  specific  heat  of  the  gas  at  2-2,  and  of  tar  and  hquor 
vapours  at  0*6,  or  a  mean  of  1*6.  Assuming  the  temperature  of  the  gas  as  it  leaves 
the  retort  to  be  1000°  F.,f  while  at  8  feet  above  the  mouthpiece  it  was  found  to  be  only 
174°  F.,  then  the  heat  dissipated  between  those  points  in  one  hour  is  as  f oUows : — 
18  lbs.  X  1-6  sp.  heat  x  (1000°  -  174°)  =  23,790  units. 

The  temperature  of  the  air  surrounding  the  pipe  I  take  at  208°  F.  Probably 
it  would  be  much  lower,  as  that  was  the  temperature  found  within  6  iuofaes  of  the 
/ront  of  the  setting.    Therefore  the  difference  to  be  dissipated  is— 

Mean  temperature  of  gas  to  be  cooled,  i???±lZi  =687°  -  208°  =  879°  t. 

By  Webber's  formula  {Journal  of  Gas  Lighting^  Vol.  32,  p.  14),  the  h6at  lost  by 
radiation  and  contact  is —  p  ^  .qrvrX  1 

[•7588  X  879  X  66]  -f  M -421  -f  —^J  -f  879  -f  2 J  =  2260 
Quits  of  heat  per  square  foot  of  exposed  surface  per  hour.    Total  heat  actually  lost 
as  above,  28,790  units.  Calculated  surface  required  =  ^^  =  10}  square  feet.     In 

the  mouthpiece  21"  x  16"  x  16"  there  is,  say,  6i  square  feet.  In  8  ft  of  6-in.  pipe 
there  is  4}  square  feet.  Total,  11  square  feet,  or  more  than  sufficient  cooling 
surface  to  produce  the  observed  result. 

Calculating  in  a  similar  manner  for  the  difference  between  the  temperature  at 
3  feet  from  mouthpiece  174,°  and  that  in  the  bridge-pipe  132°  F.,  I  find  there  is  similar 
accord  between  tneory  and  practice,  calculation  and  observation,  which  appears  to 
give  further  ground  for  acoepting  the  assumption  started  with  as  a  correct  one. 

t  The  temperature  within  the  mass  of  coal,  8  feet  from  the  mouthpiece  and  one 
hour  after  charging,  has  been  found  to  be  about  1150°  F. 
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Retort  House  Toots  and  Appliances. — For  charging  retorts  by 
hand,  the  shovel  or  the  scoop  is  used. 


Fio.  86. 


Fio.  40. 


Fio.  88. 


Fio.  39. 


Fio.  41. 


Shovels  with  riveted  handles  are  not  good  in  or  about  a  retort 
house.  The  heat  soon  causes  the  wood  to  dry  in,  and  the  rivets 
give  way  and  become  jagged,  lacerating  the  hands  of  the  men  who 
use  them.    Socketed  handles  are  the  best. 
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A  good  handy- sized  shovel  for  charging  retorts  of  the  ordinary  size 
is  one  16  inches  long  by  11  inches  wide.  Firing  shovels  (for  coke) 
are  best  made  an  inch  wider.  Both  should  be  well  turned  up  at 
the  sides. 

The  scoop  (Fig.  85)  is  a  semi-circular  trough  of  sheet-iron  or  steel, 
the  length  of  half  the  through  retort,  and  of  capacity  to  contain  about 
1^  or  If  cwt.  of  coal.  It  is  inserted  twice  into  the  retort  at  each 
end.  Six  men  are  required  to  charge  a  through  retort  with  the 
scoop — i.e.j  three  at  each  mouthpiece.  The  method  of  using  it  is  as 
follows: — On  its  being  filled  with  coal  one  man  takes  hold  of  the* 
handle  at  the  end,  raises  it  slightly,  the  '< horse"  (as  it  is  called)  is 
placed  underneath  by  a  second  man,  and  a  third  grasps  the  opposite 
side.  The  three  then  raise  the  scoop  and  insert  its  end  into  the 
retort  mouth,  whereupon  the  "horse"  is  released,  and  the  man 
having  hold  of  the  handle  pushes  the  scoop  with  its  charge  right 
into  the  retort,  turns  it  round,  and  withdraws  it,  leaving  the  charge 
inside.  This  operation  is  repeated  a  second  time ;  the  scoop  on; 
the  first  insertion  being  turned  to  the  left,  and  on  the  second  to- 
the  right. 

Other  retort  house  tools  consist  of  the  discharging  rake  (Fig., 
86) ;  auger  (Fig.  87) ;  ash-pan  rake  (Fig.  88) ;  and  shovel  (Fig* 
89) ;  fire  tongs  (Fig.  40) ;  and  pricker  (Fig.  41) ;  and  coal  and  coke 
barrows. 

Machine  Charging  and  Drawing* — The  difficult  problem  of 
applying  machinery  to  the  charging  and  drawing  of  retorts  is  one 
which  has  occupied  the  minds  of  gas  engineers  from  the  very 
introduction  of  gas-lighting,  and  its  solution  has  been  attempted 
with  varying  success.  Out  of  about  twenty  different  contrivances 
that  have  been  invented  for  the  purpose,  not  more  than  three 
or  four  remain  in  use  at  the  present  time,  and  these  only 
to  a  limited  extent.  It  has  been  solved  most  successfully  by 
Mr.  William  Foulis  and  Mr.  John  West  respectively,  in  their  well- 
known  ingenious  labour-saving  machines  now  extensively  used  for 
that  purpose. 

Clegg  attempted  to  perfect  an  arrangement  by  which  a  continuous 
supply  and  discharge  was  efifected ;  and  though  he  did  not  succeed 
in  producing  an  economical  and  satisfactory  apparatus,  it  is  greatly  to 
be  desired  that  other  efforts  in  the  same  direction  may  be  crowned 
with  success. 


72  NEWBIGGING'S   HANDBOOK   FOE 

CONDENSATION. 

The  cooling  or  condensing  of  the  crude  gas  is  an  indispensable 
preliminary  to  its  purification.  Although  the  heavier  tars  are  deposited 
in  the  hydraulic  and  foul  mains  within  the  retort  house,  there  are 
lighter  tars  which  continue  suspended  in  the  gas  in  the  form  of 
vapour,  and  are  carried  forward  until  a  reduction  in  the  temperature 
causes  their  deposition. 

Although  it  is  commonly  said  that  **  thorough  condensation  is  half 
the  purification,"  the  degree  of  condensation  to  which  coal  gas  should 
be  subjected  after  leaving  the  retorts,  and  before  entering  the  purifiers, 
has  never  been  determined  with  that  scientific  accuracy  which  the 
importance  of  the  subject  demands. 

With  respect  to  one  point  there  cannot  be  two  opinions — ^viz., 
the  necessity  of  guarding  against  a  lower  temperature  in  the  gas 
than  60°  Fahr.  If  condensation  is  carried  beyond  this,  the  lighter 
hydrocarbons  are  in  danger  of  being  deposited,  and  the  gas  im- 
poverished. 

The  bad  effects  of  excessive  refrigeration  are  shown  in  the  following 

table,  which  exhibits  the  loss  of  illuminating  property  in  coal  gas  on 

exposure  to  the  temperature  of  freezing  point,  82°  Fahr. : — 

Hydrocarbons  condensed  from 
Name  of  Gas.  1000  Cabio  Feet  of  Gas  on  Exposure  to  a 

Cold  of  82°  Fahr. 

Boghead  cannel        .         •         .        4*42  cubic  feet. 
Ince  Hall  ditto         .         .         .  '87        „ 

Methyl  ditto     ....  '83        „ 

From  which  it  appears  that  the  richest  gas  suffers  the  greatest 
deterioration  on  being  subjected  to  cold. 

Expenyance  has  sufficiently  proved  that  rapid  or  sudden,  as  well  as 
excessive,  cu^ndensation  is  an  evil  to  be  avoided ;  and  that  to  prevent 
the  depositioi^  of  naphthalene  in  the  pipes,  and  preserve  some  of  the 
richer  illuminamts,  the  gas  should  be  allowed  to  travel  in  contact  with 
the  lighter  tar4  until  the  latter  are  reduced  in  temperature  to  about 
100°  Fahr.  befort?  separation  takes  place. 

With  this  object  in  view,  the  pipe  leading  from  the  hydraulic  main 
may  be  carried  with  a  gradual  inclination  round  the  interior  of  the 
retort  house  or  other  convenient  building,  and  from  thence  to  the 
condenser  ;  provision,  or  course,  being  made  to  allow  the  thicker  tar  to 
run  off  at  a  point  near  to  the  hydraulic  main.    By  this  arrangement 
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the  gas  is  slowly  reduced  in  temperature,  and  some  of  its  most  valu- 
able light-giving  hydrocarbons,  which  would  otherwise  be  condensed, 
are  retained  within  it  in  the  permanent  state. 

Naphthalene. — In  dealing  with  the  subject  of  condensation,  that  of 
the  formation  or  deposition  of  naphthalene  may  be  appropriately 
discussed.  This  hydrocarbon  when  deposited  in  the  solid  state  in  the 
apparatus  and  mains  of  a  gas-works,  and  in  the  distributing  pipes  in  the 
streets,  is  exceedingly  troublesome ;  sometimes  entirely  blocking  the  pas- 
sage of  the  gas,  and  entailing  much  labour  and  expense  in  its  removal. 

It  is  generally  believed  that  the  presence  of  naphthalene  in  gas  is 
dae«  principally,  to  the  high  heats  necessarily  used  in  the  carboniza- 
tion of  the  coal,  owing  to  the  partial  distillation  of  a  portion  of  the  tar. 
In  the  early  days  of  gas-lighting,  when  iron  retorts  were  used  exclu- 
sively, and  the  heats  were  comparatively  low,  naphthalene  as  now 
found  in  the  mains  in  the  solid  state  was  almost  unknown.  It  was  not 
until  day  retorts  came  to  be  employed,  and  the  heat  of  carbonization 
was  increased,  that  naphthalene  made  its  appearance. 

It  is  well  known  by  its  flaky  crystalline  structure,  and  its  peculiar 
ethereal  odour.  It  is  not  soluble  in  water,  but  easily  so  in  naphtha ; 
hence  its  removal  is  effected  by  steaming  with  naphtha  vapour,  or  by 
pouring  that  liquid  into  the  obstructed  mains  and  apparatus. 

Naphthalene  is  deposited  most  freely  from  gas  produced  from  bitumin- 
ous coal.  Some  kinds  of  coal  yield  it  in  greater  abundance  than 
others.  By  using  a  proportion  of  cannel  along  with  the  coal,  the  gas, 
being  enriched,  is  enabled  to  retain  some  or  the  whole  of  the  naphtha- 
lene in  suspension  within  it  in  the  gaseous  condition.  The  richer  the 
gas,  the  more  capable  it  is  (under  ordinary  conditions)  of  retaining 
the  constituents  which  contribute  to  its  enrichment  and  vice  versa. 

In  the  year  1877  M.  Br6mond  published  an  account  of  a  series  of 
valuable  researches  made  by  him  on  the  question  of  the  formation  of 
nliphthalene  and  its  deposition,  in  which  he  showed  that  (to  use  his 
own  words) ''  naphthalene  is  produced  wherever  there  is  condensation 
of  the  aqueous  vapours  contained  in  the  gas ;  that  its  deposition  is 
preceded  by  the  phenomenon  of  the  condensation  of  the  water ;  and 
that  gas  absolutely  deprived,  as  far  as  possible,  of  aqueous  vapour  does 
not  deposit  naphthalene  under  the  ordinary  conditions  of  temperature 
and  pressure.*' 

It  is  clear,  therefore,  that  the  subject  of  condensation  is  one  of  the 
utmost  importance,  if  naphthalene,  or  an  excess  of  it,  is  to  be  got  rid 
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of.  But  Lowever  perfect  the  ordinary  condensing  apparatus  may  be, 
it  is  almost  impossible  to  deprive  gas  of  its  aqueous  vapour  by  this 
means.  M.  Br^mond  therefore  adopted  other  means  of  drying  the 
gas  ;  and  for  this  purpose  he  employed  an  ordinary  lime  purifier,  but 
instead  of  filling  it  with  slaked  or  hydrated  lime,  he  charged  it  with 
unslaked  lime  in  lumps.  By  passing  the  gas  through  this  unslaked 
lime  he  completely  desiccated  the  gas,  with  the  interesting  result  that 
the  aqueous  vapour,  and  consequently  the  excess  of  naphthalene  also, 
was  arrested.  The  gas  thus  deprived  of  its  moisture  was  found  to  have 
increased  in  illuminating  power  to  a  considerable  extent. 

This  remarkable  result  of  drying  the  gas  had  previously  been 
observed  by  the  first  London  Oas  Beferees.  They  found  that  the  gas 
made  at  Beckton  actually  gained  in  illuminating  power  in  traversing 
the  long  length  of  mains  from  Beckton  to  London  ;  and  they 
remark  as  follows  :  '*  In  considering  the  satisfactory  result  of  the  novel 
and  somewhat  perilous  enterprise,  the  Beferees  are  inclined  to  account 
for  it  [the  increase  in  the  illuminating  power]  mainly  by  the  slow  and 
gradual  withdrawal  of  aqueous  vapour  from  the  gas  in  its  long  journey. 
This  condensation  is  very  different  in  character  from  the  sudden  with- 
drawal of  aqueous  vapour  produced  by  the  application  of  great  cold, 
for  it  takes  place  very  gradually,  so  that  the  water  is  deposited  without 
any  appreciable  portion  of  the  hydrocarbons  being  condensed  along 
with  it.  In  order  to  ascertain  the  effect  of  withdrawing  the  aqueous 
vapour  from  gas,  we  made  several  experiments  by  passing  the  gas 
through  porous  chloride  of  calcium ;  the  results  showing  that  dry  gas 
has  a  superiority  in  illuminating  power  over  ordinary  gas  to  the  extent 
of  from  6  to  8  per  cent. 

The  experiments  of  M.  Br6mond  are  recounted  to  show  the 
philosophy  underlying  the  facts,  rather  than  for  the  purpose  of 
recommending  his  remedy,  which  would  be  cumbrous  in  practice. 

Various  other  remedies  adopted  have  proved  more  or  less  successful. 
Mr.  Botley  accomplishes  the  retention  of  naphthalene  by  carburetting 
the  gas  after  the  holders  with  petroleum  oil  in  the  form  of  mist, 
produced  mechanically.  Another  method,  which  has  proved  efficient, 
is  to  vaporise  carburine  by  means  of  steam,  mixing  it  in  the  pro- 
portion of  about  twelve  gallons  of  the  oil  per  million  cubic  feet  of 
gas  passing  into  the  holders.  These  processes  are  on  the  lines 
indicated  in  the  foregoing  arguments  dealing  with  the  condensable 
and  other  hydrocarbons. 
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The  remedj  for  the  objectionable  deposit  of  naphthalene  is  thus  in 
the  gas  maker's  own  hands  to  a  great  extent. 

The  make  of  gas,  as  indicated  by  the  station-meter,  is  materially 
affected  by  the  temperature  at  which  it  is  registered. 

At  the  temperature  of  60^  Fahr.,  with  the  barometer  at  80  inches, 
gas  is  at  its  standard  volume  ;  and  as  all  aeriform  bodies  expand  ^^^.^ 
of  their  bulk  at  82^  Fahr.  for  every  additional  degree  of  temperature, 
or  about  1  per  cent,  for  5°,  it  follows  that  a  quantity  of  gas,  say  10,000 
cubic  feet  registered  at  60°,  would  at  70"^  become  10,208*5,  and  at  SO"" 
10,407. 

The  quantity  of  heat  which  will  raise  a  cubic  foot  of  water  one 
degree,  will  raise  2,850  cubic  feet  of  gas  or  atmospheric  air  to  the  same 
extent. 

TABLE. — Expansion  of  Aib  and  Pebmanent  Gases  by  Heat. 


Temp. 

Fahr. 

Expuisioii. 

Temp. 
Fahr. 

Ezpaniion. 

Temp. 
Fahr. 

Bzpansioii. 

Temp. 
Fahr. 

Expanilon. 

Degreea. 

DegnM. 

DegrMt. 

Dagroei. 

82 

1000 

'62 

1040-700 

72 

1081-400 

92 

1122-100 

88 

1002-066 

68 

1042-786 

78 

1088-486 

98 

1124-186 

84 

1004-070 

64 

1044-770 

74 

1086-470 

94 

1126-170 

86 

1006-106 

66 

1046-805 

76 

1087-605 

95 

1128-205 

86 

1008-140 

50 

1048-840 

76 

1089-540 

96 

1180-240 

87 

1010-175 

67 

1050-876 

77 

1091-676 

97 

1182-275 

88 

1012-210 

68 

1052-910 

78 

1098-610 

98 

1184-810 

89 

1014-246 

69 

1064-946 

79 

1095-645 

99 

1186-846 

40 

1016-280 

60 

1056-980 

80 

1097-680 

lOO 

1188-880 

41 

1018-816 

61 

1059-015 

81 

1099-715 

110 

1168-780 

42 

1020-850 

62 

1061-060 

82 

1101-750 

120 

1179-080 

48 

1022-886 

63 

1068-065 

88 

1108-785 

180 

1199-430 

44 

1024-420 

64 

1065-120 

84 

1105*820 

140 

1219-780 

46 

1026-456 

66 

1067-156 

85 

1107-856 

150 

1240-180 

46 

1028-490 

66 

1069-190 

86 

1103-890 

160 

1260-480 

47 

1080-525 

67 

'  1071-225 

87 

1111-926 

170 

1280-830 

48 

1082-660 

68 

1078-260 

88 

1118-960 

180 

1801-180 

49 

1084-595 

69 

1075-295 

89 

1115-996 

190 

1821-630 

60 

1036-680 

70 

1077-880 

90 

1118-080 

200 

1341-880 

61 

1088-666 

71 

1079-866 

91 

1120-065 

212 

1866-800 

In  instituting  a  comparison  between  the  production  per  ton  of  mate- 
rial at  different  works,  and  in  testing  the  productive  value  of  different 
coals,  it  is,  therefore,  necessary  to  take  into  account  the  temperature 
of  the  gas  at  the  time  of  measurement.  In  ascertaining  the 
specific  gravity  of  gas,  and  in  conducting  photometrical  observations, 
the  same  care  should  be  taken  to  note  the  temperature  at  the  time  and 
place  of  making  the  experiment. 
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TABLE. — Giving  the  Mean  Temperature  {Fahi\)  of  eve)y  Tenth  Day  in 
the  Year  in  the  Central  District  of  Ewjland.     {Box.) 


Month. 

ist. 

llth. 

2l8t. 

Month. 

1st. 

llth. 

Slat 

Deff. 

Der. 

DeR. 

Der?. 

De^. 

Deir. 

January  •     •     •     . 

36-5 

36-6 

87-1 

July 

61-2 

61-6 

62-0 

February.     .     •     . 

87-2 

37-6 

38-5 

Au^ast  .... 

62-6 

61-7 

60-6 

March      .... 

40-1 

41-0 

41-9 

September .     .     . 

68'8 

67-4 

66-6 

April 

43-6 

46-0 

47-0 

October.     .     .     • 

63-6 

61-4 

49-0 

May 

50-0 

51'3 

63-8 

November  .     .     . 

46-4 

44-0 

42-0 

Jane 

66-4 

57-6 

69-8 

December  .     .     . 

41-7 

40-2 

88-4 

Condensers. — The  Atmospherical  Horizontal  Condenser  (Fig.  42) 
is  one  of  the  earliest  forms  of  the  apparatus.    Its  efficiency  has  not 


Fio.  42. 

been  generally  recognized,  owing  to  the  want  of  a  correct  apprecia- 
tion of  the  conditions  on  which  the  condensation  of  coal  gas  ought  to  be 
conducted,  and  this  has  led  to  its  being  generally  discarded  in  favour 
of  the  vertical  form. 

The  earlier  method  of  construction  was  to  fix  it  against  the  outside 
of  the  wall  of  the  retort  house  or  other  convenient  building;  the  several 
pipes  rising  with  a  slight  inclination  one  above  the  other  to  allow  of 
the  flow  of  the  condensed  products,  their  ends  being  connected  by 
3 -shaped  bends. 
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Graham*s  condenser  (Fig.  48)  is  an  improvement  on  this.  It 
consists  of  a  series  of  pipes  arranged  in  pairs  side  by  side,  and  sap- 
ported  on  framework,  the  end  of  each  length  being  joined  to  that  of 
the  next.  From  the  inlet  at  the  top,  through  the  entire  run  of  the 
condenser  to  the  outlet  at  the  bottom,  there  is  a  gradual  inclination^ 
80  that  it  is  simply  a  flat  screw  or  spiral,  such  as  might  be  represented 


Fio.  48. 


by  winding  a  length  of  soft  wire  round  a  piece  of  board,  in  which  case 
the  two  ends  of  the  wire  would  answer  to  the  inlet  and  outlet  of 
the  condenser.  Blt^nk  flanges  are  bolted  on  the  end  of  each  length 
for  convenience  in  cleansing. 

In  this  arrangement  there  is  a  recognition  of  the  fact  that  length 
rather  than  Iieight  is  the  desideratum  in  an  atmospherical  condenser. 
In  the  ordinary  vertical  form  of  the  apparatus,  the  cooling  effect  of 
the  air  on  the  surface  of  the  upper  parts  of  the  pipes  is  almost  nil. 
This  will  be  obvious  when  it  is  considered  that  the  air  contiguous  to 
the  lower  part  of  the  condenser,  being  assimilated  to  the  temperature 
of  the  latter,  expands,  and  so,  becoming  lighter  than  the  surrounding 
air,  ascends  in  contact  with  the  pipes,  extracting  less  heat  in  propor- 
tion as  it  rises. 

In  addition  to  the  other  advantages,  the  ammoniacal  liquor  on  leaving 
the  horizontal  condenser  is  of  a  strength  equal  to  5°  Twaddel — a  result 
which  it  is  impossible  to  obtain  &om  the  ordinary  vertical  form. 

The  ordinary  atmospherical  condenser  (Fig.  44)  consists  of  a  series 
of  pipes,  usually  18  feet  long,  put  together  in  two  lengths,  and  placed 
upright,  through  which  the  gas  passes  up  and  down  alternately.  These 
enter  a  xectangular  cistern  at  bottom,  in  which  the  condensed  vapours 
are  deposited,  and  from  whence  they  flow  to  the  tar  well.    At  the 


78 


NEWBIGGING'S   HANDBOOK   FOB 


t— -i&tf3i:&^ 

13^  1 1 1  i  n 

f  :i  :J  ■  i^  : 

T^^ 

,j^ 

Fio.  44. 


top  is  another  cistern,  containing  water  to  seal  the  movable  hoods 
covering  each  pair  of  pipes,  and  for  farther  refrigeration,  should  such 

be  required,  in  warm  or  sunny 
weather,  small  streams  being 
made  to  trickle  down  the 
exterior  surface  of  the  pipes. 

The  annular  condenser  is 
considered  to  be  an  improve- 
ment on  the  foregoing.  In 
Eirkham*s  condenser,  as  im- 
proved by  Wright  (Fig.  45),  the 
pipes  are  placed  in  the  vertical 
position,  and  are  of  large  dia- 
meter, each  one  enclosing  a 
^w  smaller  pipe  ;  the  two  forming 
an  annular  space  through  which 
the  gas  is  made  to  flow.  Other 
pipes,  placed  diagonally,  con- 
nect the  top  and  bottom  of  the 
condensing  colunms  alternate- 
ly. By  this  arrangement  the 
gas  passes  through  the  annular 
space  always  in  the  downward 
direction,  whilst  the  current  of 
air  moves  upward  through  the 
interior  ventilating  pipe.  In 
cold  weather  movable  covers 
are  placed  over  the  latter,  or 
butterfly  valves  are  fixed  at 
the  foot,  for  closing,  to  regulate 
the  air  draught,  which  might 
otherwise  reduce  the  tempera- 
ture of  the  gas  below  the  desired  standard.  A  small  pipe  is  connected  to 
the  bottom  of  each  column  to  carry  away  the  deposited  tar  and  water 
into  a  main  laid  alongside  the  condenser,  and  leading  into  the  tar  well. 
Instead  of  the  diagonal  pipe,  extending  from  the  top  to  the  bottom 
of  each  column  alternately,  Mr.  Warner  has  inserted  a  mid-feather  or 
partition,  within  the  anniUar  chamber.  This  reaches  to  within  a  short 
distance  of  the  top  and  bottom,  the  space  at  the  lower  end  being 
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sealed  by  the  deposited  fluids,  and  a  short  connecting  piece  joins  the 
several  oolomns  at  the  base.  By  this  modification,  a  free  passage  is 
obtained  from  end  to  end  for  the  condensed  fluids,  and  the  separate 
tar  main  is  dispensed  with. 

Gleland's  slow-speed  condenser  consists  of  a  series  of  vertical  pipes, 
connected  together  at  the  top  by  a  tubular  cornice  or  cap,  which  serves 
as  the  common  inlet  to  the  whole  series.  The  stream  of  gas  being 
thus  divided  equally  amongst  the  several  columns,  travels  through 
them  in  a  downward  direction  and  at  a  comparatively  slow  speed. 

In  the  lower  part  of  each  column,  to  about  a  fifth  part  of  its  length, 
is  inserted  a  "  bottle  brush  "  of  wood  or  other  material,  with  a  drip* 
ledge  above  it  to  divert  the  descending  liquor  on  to  the  centre  of  the 
brush,  which  has  the  efiEect  of  converting  the  apparatus,  to  that  extent, 
into  a  scrubber. 

The  general  result  is  superior  efficiency  in  condensing,  and  the 
yield  of  a  high  strength  of  liquor. 

An  excellent  apparatus  (atmospherical)  is  that  known  as  the  battery 
condenser  (Fig.  46).     This  is  an  oblong  vessel,  12  to  24  inches  wide. 


Fio.  46. 
12  to  18  feet  in  height,  and  of  length  suitable  to  the  requirements  of 
the  works.  It  is  divided  by  internal  plates  or  mid-feathers,  placed  at 
distances,  equal  to  the  width,  apart,  extending  to  within  a  few  inches  of 
the  top  and  bottom  of  the  chest  alternately  ;  and  the  gas  passes  from 
the  inlet,  up  and  down  each  division,  till  it  arrives  at  the  outlet.  To 
augment  its  condensing  power,  small  tubes,  2  inches  in  diameter, 
through  which  the  air  has  free  circulation,  are  passed  through  from 
side  to  side  of  the  vessel,  and  there  securely  jointed.    These  trans- 
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verse  tubes  serve  the  double  purpose  of  cooling  the  gas,  and,  by 
breaking  it  up  and  retarding  its  progress,  inducing  a  natural  settle- 
ment of  the  heavy  condensable  vapours. 

It  may  be  taken  as  a  general  rule  that  about  10  superficial  feet  of 
atmospherical  condensing  surface  for  each  1000  cubic  feet  maximum 
gas  production  per  day  of  24  hours,  should  be  provided.  This  is 
assumed  to  include  the  length  of  foul  main  extending  from  the 
hydraulic  main.  Moreover,  the  condenser  should  be  protected  from 
the  direct  action  of  the  sun's  rays,  or  otherwise  water  should  be  made 
to  trickle  down  the  outer  surface  of  the  pipes  during  sunshine. 

Mr.  Livesey,  in  some  of  his  condensing  arrangements,  adopts  the 
plan  of  placing  the  condensing  pipes  in  a  tank  divided  into  channels, 
through  which  a  stream  of  water  is  made  to  flow,  and  which  can  be 
regulated  according  to  the  make  of  gas.  The  water  enters  the  tank 
at  the  point  where  the  condensed  gas  makes  its  exit,  and,  flowing  in 
the  opposite  direction  to  the  gas  in  the  pipes,  is  gradually  raised  in 
temperature  by  the  latter  till  it  reaches  its  outlet,  where  the  crude 
gas  enters.  By  this  means  a  more  uniform  condensation  is  obtained 
than  is  possible  in  the  atmosphere. 

In  this  connection  the  following  table  byPeclet,  showing  the  relative 
efiEects  of  water  and  air  as  cooling  agents,  is  interesting  and  useful : — 

Qaantity  of  HMt  lost  by  a  Square  Unit 
Excess  of  Temperature  ^f  Exterior  Pipe  Surface. 

in  the  Gas  WhenRadUting  When  plunged 

over  the  Atmosphere.  j^^,^  in  Water. 

For  an  excess  of  10^  .  .  .  8  •  .  88 

„        20°  .  .  .  18  .  .  266 

„           „        80°  .  .  .  29  .  .  6,868 

„           „        40°  .  .  .  40  .  .  8,944 

„        60°  .  .  .  63  .  .  13,437 

Water  is  thus  shown  to  be  the  superior  cooling  agent,  requiring  the 
exposure  of  much  less  radiating  surface  than  air ;  but,  for  the  reasons 
already  adduced,  the  temperature  of  the  water  must  be  regulated  in 
order  to  avoid  any  sudden  condensation. 

An  apparatus  that  is  being  rather  widely  adopted  is  the  combined 
atmospherical  and  water  condenser.  This  is  made  in  different  forms,  the 
principle  of  each  being  the  same.  It  is  constructed  either  of  ordinary 
pipes  having  small  tubes  passing  through  their  interior,  or  of  cylin- 
drical or  square  chambers  filled  with  such  tubes,  and  placed  either 
horizontally  or  vertically,  the  latter  by  preference.  Through  the 
tubes  a  stream  of  water  is  made  to  flow  in  the  opposite  direction  to 
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that  of  the  gag  which  surrounds  them,  so  that  hj  the  time  the  water 
reaches  the  inlet  of  the  condenser,  it  has,  hy  absorbing  the  heat  of 
the  gas,  attained  a  comparatively  high  temperature,  and  thus  any 
sudden  cooling  of  the  gas  at  the  entrance  is  avoided.  The  ease  with 
which  the  cooling  power  of  the  apparatus  can  be  varied  and  controlled, 
by  increasing  or  diminishing  the  flow  of  the  water,  is  a  strong  recom- 
mendation in  its  favour. 

The  undei^ound  condenser  is  so-called  because  the  pipes  are  placed 
in  the  ground  out  of  reach  of  the  fluctuations  of  temperature  in  the 
atmosphere,  with  a  view  to  obtaining  uniformity  of  action  in  the  process 
of  condensation.  By  this  system,  however,  a  much  longer  length  of 
piping  is  required  than  by  any  other,  owing  to  the  small  amount  of 
radiation  from  the  surface  of  the  buried  pipes. 

There  is  an  advantage  in  this  process  of  gradual  condensation  ;  but 
it  is  advisable,  wherever  in  use,  to  supplement  it  by  finally  passing 
the  gas  through  one  of  the  other  forms  of  condensers  having  less 
than  the  usual  area. 

In  some  works  condensation  is  effected  by  means  of  dry  scrubbers 
— K^ast-iron  vessels  of  large  diameter — charged  with  coke,  drain  tiles, 
or  other  material,  breaking  up  the  gas  into  minute  streams,  which, 
being  thus  cooled,  deposits  its  tar  and  water. 

A  natural  settlement  of  the  condensable  matter  also  takes  place, 
irrespective  of  the  action  of  the  contained  material,  owing  to  the  velocity 
of  the  flow  of  the  gas  being  reduced  on  entering  the  larger  area. 

The  rapid  fouling  of  these  vessels,  however,  necessitating  frequent 
changing  of  the  filling  material  to  prevent  undue  back  pressure  and 
maintain  their  efficiency,  renders  their  use  objectionable. 

Precipitating  chambers  of  large  size  are  also  employed,  without  any 
filling  material,  in  which  the  gas  sleeps,  as  it  were,  and  deposits  its 
condensable  particles.  A  vessel  of  this  kind  is  useful  in  other 
respects,  because  the  large  volume  of  gas  serves  as  a  cushion  to 
counteract  pulsatory  action  between  the  exhauster  and  the  retorts. 

The  principle  of  Pelouze  and  Audouin's  condenser  is  different  to 
that  of  any  of  the  other  apparatus  described.  In  construction  it  con- 
sists of  an  outer  cylindrical  cast-iron  chamber,  with  the  usual  inlet 
for  gas,  and  outlets  for  gas  and  liquids,  and  contains  a  cylinder  of 
perforated  sheet-iron  constituting  the  condenser.  The  sides  of  the 
condensing  chamber  are  two  thin  sheets  of  iron  with  a  concentric 
space  between.     The  inner  sheet  is  perforated  with  holes  l-20th  of  an 
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inch  in  diameter,  and  the  outer  with  slots  of  large  size ;  the  outer  sheet 
being  so  arranged  as  to  offer  a  blank  6ur£BM^  opposite  the  small  holes  in 
the  inner  sheet.  The  gas  and  condensable  vapours  pass  through  the 
small  perforations,  the  vapours  being  as  it  were  wire-drawn,  and 
striking  against  the  opposite  soUd  surface  are  deposited  thereon,  and 
flow  down  into  the  receptacle  below,  and  thence  to  the  tar  well. 

The  gas  passes  on  through  the  slots  in  the  outer  cylinder  to  the 
outlet  pipe. 

The  condensing  cylinder  is  so  balanced  as  to  rise  and  fall  in  an 
annular  space  containing  tar  or  liquor  which  acts  as  a  seal.  As  the 
make  of  gas  increases  or  decreases,  the  cylinder  rises  or  falls,  and 
consequently  a  larger  or  less  number  of  openings  are  uncovered  for  the 
passage  of  the  gas.  The  result  is  a  more  complete  separation  of  the 
tar  from  the  gas  than  is  attainable  by  any  other  fonn  of  condenser. 

It  has  been  attempted,  though  with  doubtful  success,  to  condense 
and  carburet  the  gas  at  one  and  the  same  time.  The  Aitken  and 
Young  analyzer,  and  the  St.  John  and  Bockwell  apparatus,  were  each 
designed  by  their  inventors  to  enrich  the  gas  by  carburation.  The 
tar  and  gas  were  both  conveyed  direct  from  the  hydraulic  main  to  the 
apparatus  ;  their  temperature  at  the  inlet  being  maintained  as  high  as 
possible.  Means  were  even  adopted  of  raising  the  temperature,  if 
required,  in  order  that  the  heavier  hydrocarbons  present  in  the  crude 
gas  and  tar  might  be  permanently  suspended,  and  so  become  fixed 
illuminants  in  the  gas,  notwithstanding  the  subsequent  reduction  of 
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temperature  in  the  ordinary  course  of  purification.  Great  hopes  of 
the  process  were  at  one  time  entertained,  but  it  failed  to  meet  the 
expectations  of  the  inventors. 

Drory's  Main  Thermometer. — The  illustrations,  Figs.  47  and  48, 
show  the  improved  arrangement  invented  by  Mr.  Drory,  for  ascertaining 
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the  temperature  of  the  gas  passing  through  the  condenser  and  other 
apparatus,  and  the  mains.  It  consists  of  an  outer  shell  fitted  with 
a  conical  hollow  plug  having  an  aperture  corresponding  to  that  in 
the  outer  shell.  The  tester  which  fits  into  the  plug  contains  a 
thermometer,  which  on  being  turned  opposite  to  the  apertures  is  in 
immediate  contact  with  the  gas,  and  on  withdrawal  the  temperature 
isTascertained.  For  attaching  the  tester,  a  hole  suitable  for  a  1-inch 
wrought-iron  pipe  is  drilled  and  tapped  in  the  pipe  or  side  of  the 
apparatus,  and  the  instrument  is  screwed  therein. 

Toj;onv€rt  Degrees  of  Fahrenheit  into  those  of  Centigrade  and  JEUaumur^ 

and  conversely • 
'To  convert  Fahr.  into  Gent. 

Bulb  1st. — Subtract  82,  and  divide  the  remainder  by  1*8,  thus : 
Fahr.  167  --  82  ^  ^^  ^^^^ 

^rby—  ^*® 

Bulb  2nd. — Subtract  82,  multiply  the  remainder  by  5,  and  divide 
the  product  by  9,  thus : — 

Fahr.  (167  -  82)  x  6  .^       ^ent. 
9 
To  convert  Gent,  into  Fahr. 

Bulb  1st. — Multiply  by  1*8,  and  add  82,  thus : — 
.or  by—  Cent.  75  x  1-8  +  82  =  167  Fahr. 

Bulb  2nd. — Multiply  by  9,  divide  by  6,  and  add  82,  thus : — 

<^^^*-I^_Jl_^  +  82=167Fahr. 
5 

To  convert  Fahr.  into  B^au. 

Bulb  1st.— Subtract  82,  and  divide  by  2*25,  thus : — 

or  by-  2-25 

Bulb  2iid. — Subtract  82,  multiply  by  4,  and  divide  by  9,  thus : — 
Fahr.  (118  ■  82)  X  4  ^3^^^^ 

9 
To  convert  B^u.  into  Fahr. 

Bulb  1st.— Multiply  by  2-26,  and  add  82,  thus  :— 
^r  by—  ^a^-  ^^  X  2-25  +  82  =  118  Fahr. 

Bulb  2nd. — Multiply  by  9,  divide  by  4,  and  add  82,  thus : — 
»^»^-?l2i^  +  82=118Fahr. 
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In  connection  with  the  subject  of  Condensation,  the  following  Table, 
comparing  the  English  and  French  Thermometers,  will  be  found 
nsefol: — 


Fahr. 

Bten. 

C«nt 

Fahr. 

Btea. 

0«nt. 

Fahr. 

IMaa. 

Cent 

Fahr. 

R6aa. 

Cent 

218 

800 

100*0 

160 

66*8 

71-1 

108 

83*7 

42*2 

66 

10-6 

18*8 

211 

79-6 

99 

4 

169 

66*4 

70*6 

107 

88*8 

41 

6 

66 

10*2 

12*7 

210 

79-1 

98 

8 

168 

660 

70-0 

106 

82'8 

41 

1 

64 

9*7 

12*2 

209 

78-6 

98 

8 

167 

66*6 

69*4 

105 

82*4 

40 

6 

68 

9*8 

11*6 

206 

78-2 

97 

7 

166 

661 

6H*8 

104 

820 

40 

0 

62 

8*8 

11*1 

207 

77-7 

97 

2 

166 

64*6 

68*8 

108 

81*6 

89 

4 

61 

8*4 

10*6 

206 

77-8 

96 

6 

164 

64-2 

67*7 

102 

811 

88 

8 

60 

80 

100 

206 

76-8 

96 

1 

168 

68*7 

67*2 

101 

30*6 

88 

8 

49 

7-6 

9*4 

204 

76-4 

96 

6 

162 

68-3 

66*6 

100 

80*2 

87 

7 

48 

71 

8*8 

208 

76*0 

96 

0 

161 

62*6 

66*1 

99 

29*7 

87 

2 

47 

6-6 

8*8 

202 

76*6 

94 

4 

160 

62*4 

66*6 

98 

29*3 

36 

6 

46 

6*2 

7*7 

201 

761 

93 

8 

149 

620 

66*0 

97 

28*8 

86 

1 

46 

6-7 

7*2 

200 

74*6 

98 

8 

148 

61*6 

64-4 

96 

28*4 

86 

6 

44 

6*8 

6*6 

199 

74-2 

92 

7 

147 

611 

68*8 

96 

280 

86 

0 

43 

4*8 

6*1 

198 

78*7 

92 

2 

146 

60*6 

63-3 

94 

27*6 

84 

4 

42 

4*4 

6*6 

197 

78-8 

91 

6 

146 

60*2 

62*7 

98 

271 

38 

8 

41 

4*0 

60 

196 

72-8 

91 

1 

144 

49*7 

62*2 

92 

26*6 

88 

8 

40 

8*6 

4-4 

196 

72-4 

90 

6 

143 

49*8 

61*6 

91 

26*2 

32 

7 

39 

3*1 

3*8 

194 

72-0 

90 

0 

142 

48*8 

611 

90 

25*7 

32 

2 

88 

2*6 

3*8 

198 

71-6 

89 

•4 

141 

48*4 

60-6 

89 

26*8 

81 

6 

87 

2*2 

2*7 

192 

71*1 

88 

•8 

140 

48*0 

60*0 

88 

24*6 

81 

1 

36 

1*7 

2*2 

191 

70-6 

88 

8 

139 

47*5 

69*4 

87 

24*4 

80 

6 

86 

1-8 

1*6 

190 

70-2 

87 

•7 

138 

471 

68*8 

86 

240 

30 

0 

84 

0*8 

11 

189 

69-7 

87 

•2 

137 

46*6 

68*8 

85 

28*6 

29 

4 

88 

0*4 

0*6 

188 

69-8 

86 

6 

136 

46*2 

67*7 

84 

281 

28 

8 

82 

00 

0*0 

187 

68*8 

86 

•1 

186 

46*7 

67*2 

83 

22*6 

28 

3 

81 

—  0*4 

—  0*6 

186 

68*4 

86 

6 

184 

46*8 

66*6 

62 

22*2 

27 

7 

30 

-0*8 

—  11 

186 

68*0 

86 

•0 

188 

44*8 

66*1 

81 

21*7 

27 

2 

29 

—  1*3 

—  1-6 

184 

67*6 

84 

■4 

182 

44*4 

66*6 

80 

21*3 

26 

6 

28 

—  1*7 

—  2*2 

188 

67*1 

88 

•8 

181 

44*0 

66  0 

79 

20*8 

26 

4 

27 

—  2*2 

—  2*7 

182 

66*6 

88 

•8 

130 

43*6 

64*4 

78 

20*4 

25 

6 

26 

—  2*6 

—  8*3 

181 

66*2 

82 

•7 

129 

43*1 

63*8 

77 

200 

26 

0 

26 

-  3*1 

—  3*8 

180 

66-7 

82 

2 

128 

42*6 

68*8 

76 

19-6 

24 

4 

24 

—  3*6 

—  4*4 

179 

66*8 

81 

•6 

127 

42*2 

62*7 

76 

19*1 

28 

8 

23 

—  40 

-60 

178 

64*8 

61 

•1 

126 

41*7 

62-2 

74 

18*6 

23 

3 

22 

—  4-4 

-6*6 

177 

64*4 

80 

6 

126 

41*3 

61-6 

78 

16-2 

22 

7 

21 

—  4*6 

—  6*1 

176 

64*0 

80 

•0 

124 

40*8 

611 

72 

17*7 

22 

2 

20 

—  6*3 

—  6*6 

176 

68*6 

79 

•4 

123 

40-4 

60*6 

71 

17*8 

21 

6 

19 

—  6*7 

-7-2 

174 

631 

78 

8 

122 

400 

60*0 

70 

16*8 

21 

1 

1  18 

-  6*2 

—  7*7 

178 

62*6 

78 

8 

121 

89*6 

49*4 

69 

16*4 

20 

5 

17 

—  6*6 

—  8-8 

172 

62*2 

77 

7 

120 

891 

48*8 

68 

16*0 

20 

0 

16 

—  71 

-  8-8 

171 

61*7 

77 

2 

119 

38-6 

48*8 

67 

16*6 

19 

4 

16 

—  7-5 

—  9*4 

170 

61*3 

76 

•6 

118 

88*2 

47*7 
47-2  1 

66 

161 

18 

8 

14 

—  8*0 

— 10  0 

169 

60*8 

76 

•1 

117 

37*7 

66 

14*6 

18 

3 

13 

—  8*4 

—10-6 

168 

60*4 

76 

•6 

116 

87*3 

46-6  1 

64 

14-2 

17 

7 

12 

—  8-8 
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THE   EXHAUSTER. 

The  exhauster  is  best  placed  to  follow  the  condenser.  The  raison 
d'etre  of  this  apparatus,  which  is  really  nothing  more  nor  less  than  a 
pump,  is  to  relieve  the  retorts  of  the  pressure  caused  by  the  obstruc- 
tion offered  to  the  gas  in  its  passage  through  the  washers,  scrubbers, 
purifiers,  and  station  meter  into  the  holders. 

Exhausters  are  now  made  of  almost  any  size,  down  to  the  smallest, 
and  there  are  but  few  gas-works,  however  small,  where  they  cannot 
be  applied  with  advantage.  The  invariable  result  of  the  use  of  the 
exhauster  is  to  increase  the  production  per  ton,,  to  improve  &e  quality 
of  the  gas  (provided  air  is  not  drawn  in),  and  to  lengthen  the  duration 
of  the  retorts,  by  preventing,  in  a  great  measure,  the  deposition  of 
earbon,  the  removal  of  which  with  the  ordinary  chisel  bars  is  bo 
destructive  and  unsatisfactory. 

Mechanical  exhausters  are  of  two  kinds,  the  rotatory  and  the  recip- 
rocating. Both  descriptions  have  their  advocates,  and  much  may  be 
said  in  favour  of  each. 

Beale's  exhauster  was  the  first  one  constructed  on  the  rotatory 
principle.    Its  early  form  is  shown  in  Fig.  49.    Its  parts  consist  of  a 

cylinder,  inside  which  a  drum  revolves, 
and  is  provided  with  pistons  or  slides 
which  have  a  radial  motion.  The  drum 
is  smaller  in  diameter  than  the  inside 
of  the  cylinder,  and  the  centre  lines  or 
axes  of  both  are  parallel  and  horizontal ; 
but  the  drum  is  placed  eccentrically  in 
the  cylinder,  so  as  to  be  in  contact  with 
it  at  the  bottom  without  resting  on  it. 

. ,__    The  inlet  and  outlet  passages  are  on  the 

^^^77^7777777777777777777777?^?.     ^^^  ^^^^^  g.^^g  ^^  ^j^^   f^^^^^r,  and 

^^*  as  the  slides  are  guided  by  segments  in 

the  end  plates,  so  that  their  outer  ends  are  always  in  contact  with 
the  inside  of  the  cylinder,  the  gas  enters  one  side,  is  carried  round 
over  the  drum  to  the  other  side,  and  is  forced  out  at  the  outlet. 
This  form  of  exhauster  is  the  one  now  most  generally  adopted,  and 
whilst  the  original  type  is  retained,  important  modifications  and 
improvements  have  been  effected  in  its  construction  and  action  by 
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various  makers  of  recent  years — ^notably  by  Owynne  and  Co.,  Bryan 
Donkin  and  Co.,  W.  H.  Allen  and  Co.,  and  G.  Waller  and  Co. 

The  illustrations  (Fig.  50)  show  sections  of  a  Beale*s  exhauster 
as  made  by  Owynne  and  Go.  under  their  patents,  and  containing 
several  improvements  on  the  machine  as  first  invented,  by  which  the- 
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areas  of  wearing  surfaces  have  been  augmented  so  as  to  greatly 
increase  the  durability  of  the  machine.  These  include  the  double 
slides,  large  segments,  steel  pins  fastened  in  the  segments  and  exten- 
dmg  through  the  whole  length  of  the  slides,  and  the  outside  bearings 
for  the  axle. 

In  Fig.  51  is  shown  a  section  of  Waller's  three-blade  exhauster, 
which  the  inventors  consider  to  be  an  improvement  on  the  two-bladed 

form  of  the  apparatus.    The  delivery  is 
divided  into  three  parts  instead  of  two, 
thus  giving  a  steadier  gauge.     The  ex- 
hauster can  be  run  in  either  direction, 
using  either  branch  pipe  as  the  inlet  or 
outlet,  but  the  direction  for  running  is 
always  from  the  inlet.    The  blades  turn 
on  a  centre  spindle  and  are  radial  with 
the  cylinder,   which    is   a    true   circle. 
The  same  makers  have  produced  a  four- 
blade  exhauster. 
Anderson's  exhauster,  which  may  be 
taken  as  the  type  of  the  reciprocating  form  of  the  apparatus,  is  shown 
in  Fig.  52.      This  works  in  the  vertical  position,  but  others,  like 
Dempster's,  have  the  engine  and  pumps  placed  horizontally. 
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The  rotatory  exhauster  may  be  driven  either  by  a  strap  from  a 
line  shaft  actuated  by  a  steam  or  gas  engine,  or  by  an  engine  coupled 
direct.  The  reciprocating  exhauster  is  always  driven  directly  by  the 
engine. 

By  employing  two  of  these  latter  exhausters,  and  working  them 
from  one  engine,  the  slides  of  the  exhausters  being  placed  at  right 
angles  to  each  other,  a  perfectly  steady  vacuum  and  pressure  are 
maintained. 


fflHHp 


Fig.  52. 


The  essential  features  of  a  good  exhauster  are  that  it  should  be 
simple,  and  work  with  a  minimum  of  friction  and  power,  that  it  should 
give  the  steadiest  possible  flow  of  gas,  and  that  the  parts  should  be 
perfectly  gas-tight.  The  commonest  fault  is  want  of  tightness,  and 
when  it  is  remembered  that,  under  a  pressure  equal  to  a  14-inch 
column  of  water,  about  9000  cubic  feet  of  gas  will  pass  per  hour 
through  an  opening  of  only  one  square  inch  in  area,  the  absolute 
necessity  of  the  best  workmanship  only  being  used  in  exhausters 
will  be  evident. 

Crude  creosote  oil  is  the  best  lubricant  for  the  cylinder  and  slides  of 
an  exhauster  when  the  surfaces  become  "  pitched  "  with  tar. 
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The  steam-jet  exhauster  (Fig.  58),  in- 
yented  by  Mr.  Gleland,  and  improved  by 
Edrting  Brothers,  is  another  form  of  ex- 
hausting apparatus.  This  operates  by 
projecting  a  jet  of  steam,  at  about  45  lbs. 
pressure,  through  an  arrangement  of  pipes 
or  nozzles,  without  the  intervention  of  any 
other  mechanical  appliances — the  steam 
being  afterwards  extracted  by  condensation.  ■ 
The  capacity  of  the  exhauster  is  regulated 
by  the  adjustable  screw  and  spindle  at  the 
end ;  and  by  a  movable  inner  sleeve,  opening 
or  closing  the  port  holes  by  means  of  the 
screw  and  nut  at  the  side. 

When  an  exhauster  is  employed,  it  is 
necessary  to  supplement  its  use  by  a  gas 
governor,  acting  either  on  a  throttle  valve 
within  the  steam  feed-pipe,  in  this  case 
increasing  or  diminishing  the  speed  of  the 
engine,  or  on  a  valve  within  a  bye-pass 
connected  to  the  inlet  and  outlet  mains 
leading  to  and  from  the  exhauster,  the 
opening  of  which,  when  the  exhaust  is  too 
active,  allows  a  portion  of  the  gas  to  return 

through  the  exhauster,  and  thus  prevents  the 

formation  of  a  partial  vacuum  in  the  retorts. 
Steam  Engines  and  Boilers. — These 

should  be  provided  of  ample  size,  allowing  Fio.  58. 

a  margin  over  and  above  the  actual  power  needed.     An  engine  and 

boiler  barely  fit  to  do  the  work  required  of  them  are  a  nuisance. 
The  engine,  besides  turning  the  exhauster,  may  be  used  in  pumping 

water  and  tar ;  and  the  boiler,  in  addition  to  supplying  steam  for  the 

engine,  is  useful  for  steaming  the  mains  and  apparatus  on  the  works. 
Duplicate  boilers  of  the  required  size  should  be  provided,  to  allow 

for  periodical  cleaning  and  examination. 

For  firing  the  boiler,  breeze  may  be  used,  mixed  with  a  portion 

of  coke  or  coal.     Or  if,  instead  of  the  chimney  draught,  a  forced 

draught  be  employed,  breeze  and  much  of  the  furnace  refuse  will 

serve  as  fuel. 
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One  pound  weight  of  ooal  of  average  qualiky  requires  150  cubic  feet 
of  air  for  its  perfect  combustion.  In  actual  practice,  however, 
about  double  this  quantity  of  air  passes  through  the  furnaces  of 
steam  boilers. 

Wherever  practicable  and  convenient,  the  boiler  may  be  set  in 
such  a  position  as  to  allow  of  its  being  heated  with  the  waste  heat 
from  the  retort-stack. 

In  small  works,  if  a  steam  boiler  cannot  be  employed  for  want  of 
space,  or  should  a  boiler  be  considered  objectionable  on  other  grounds, 
the  exhauster  can  be  driven  by  a  gas  engine. 

The  boiler  most  suitable  for  a  gas-works  of  moderate  size  is  the 
Cornish  type,  with  flat  ends,  and  single  internal  tube  containing  the 
furnace.  For  large  works,  the  Lancashire  or  double-flued  boiler 
is  best  adapted. 

The  nominal  horse  power  of  a  boiler  is  found  by  multiplying  the 
sum  of  the  diameters  of  the  outer  shell  and  internal  flue  by  the 
length,  and  dividing  the  product  by  6. 

Example. — Required  the  power  of  a  Cornish  boiler,  whose  diameter 
is  4  ft.  6  in.,  diameter  of  tube  2  ft.  6  in.,  and  length  12  ft. 

(4'  6"  +  2-  6")  X  12'  ^  i,.i,^„^  ^^^^^ 

Again — 

Required  the  power  of  a  Cornish  boiler  whose  diameter  is  6  ft., 
diameter  of  tube  8  ft.,  and  length  20  ft. 

(^'  +  »')  X  ^'  =  80-horse  power. 

Again— 

Required  the  power  of  a  Lancashire  boiler  whose  diameter  is  7  ft., 
•diameter  of  tubes  2  ft.  9  in.,  and  length  24  ft. 

(rO"  +  2'9'-  +  2'9'0x24'  ^  50.^^^^^  ^^^^ 

In  high-pressure  or  non-condensing  engines,  with — 

Steam  at  25  lbs.  per  square  inoh,  18*6  oiroular  inohes  on  piston  =  l-horse  power. 
Do.      SOlbs.  do.  11-8  do.  =  do. 

The  diameter  of  the  piston  in  inches,  squared  =  circular  inches. 
The  following  table  gives  the  diameter  of  cylinders  for  high- 
pressure  (non-condensing)  steam  engines,  from  8  to  16  horse  power. 
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with  steam  at  25  lbs.  and  80  lbs.  per  square  inch  respectively,  and 
the  length  of  stroke  for  the  different  sizes : — 


Diameter  of  Cylinder 

Nominal 
Hone 
Power. 

in  Inches. 

Stroke. 

Nominal 
Hone 
Power. 

in  Incbcli. 

^r^ 

Steam  per  Square  Inch. 

Steam  per  Sqnan  Inch. 

Stroke. 

851bi. 

80  lbs. 

loches. 

25  lbs. 

80  lbs. 

Inches. 

8 

6ft 

6 

12 

8 

10ft 

9ft 

20 

H 

6f 

6i 

12 

8ft 

101 

92 

20 

4 

7i 

6S 

14 

9 

lift 

lOJ 

22 

H 

71 

7J 

14 

10 

111 

lOJ 

22 

6 

8i 

7ft   ■ 

16 

11 

12i 

Hi 

24 

H 

6ft 

7i 

16 

12 

121 

111 

24 

6 

9 

8i 

18 

18 

18i 

12i 

26 

6} 

9ft 

81 

18 

14 

181 

121 

26 

7 

91 

9 

18 

16 

14ft 

13 

28 

7i 

10ft 

9i 

20 

16 

16 

18ft 

80 

Cement  for  stepping  leaks  in  boilers. 

By  weight. 

Powdered  fire-clay 6  parts. 

Fine  iron  filings       .         .         ,         .         .       1  part. 

Made  into  a  paste  with  boiled  linseed  oil. 

Cement  for  metallic  joints. 
Equal  weights  of  red  and  white  lead,  mixed  with  boiled  linseed  oil 
to  the  consistency  of  putty. 

THE   WASHER. 

The  washer  was  one  of  the  very  earliest  appliances  used  in  the 
purification  of  coal  gas,  and  naturally  so,  owing  to  the  cooling  and 
condensing  property  of  water,  and  its  power  of  absorbing  ammonia 
and  of  arresting  the  tar.  Its  construction,  however,  was  often  faulty 
at  first,  and  the  limits  of  its  functions  misunderstood;  so  that  the 
misuse,  or  overuse,  of  the  apparatus,  resulting  in  reduced  illumin- 
ating power  to  the  gas  exposed  to  its  action,  caused  it  to  fall  for  a  time 
into  disrepute. 

The  principle  of  its  action  is  that  of  causing  the  gas  to  pass  in 
finely-divided  streams  through  a  body  of  water  contained  in  a  vessel, 
so  that  a  portion  of  the  ammonia  and  other  gaseous  impurities,  and 
the  whole  of  the  floating  particles  of  tar  which  have  escaped  conden- 
sation, may  be  removed  before  the  gas  enters  the  scrubbers.    However 
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ample  the  usual  condensing  appliances  may  be,  some  portion  of  the 
lightest  tar  vapours  escape  their  action.  These  are  arrested  in  the 
washer,  or  tar-extractor  as  it  is  sometimes  called. 

This  apparatus  should  always  be  used  in  conjunction  with  the 
scrubber,  and  the  gas  passed  through  it  in  the  first  instance.  It  is 
generally  employed  as  a  separate  and  distinct  apparatus,  but  some- 
times it  is  placed  at  the  bottom  of  the  tower  scrubber  of  which  it  con- 
stitutes a  part. 

When  the  washer  is  exposed  to  outside  atmospheric  influence,  it  ia 
necessary  in  winter  to  employ  means  to  prevent  the  water  from  fftUing 
below  a  temperature  of  50^  Fahr. ;  otherwise  the  gas,  especially  a  rich 
gas,  passing  through  it,  will  suffer  deterioration. 

All  washers  give  an  amount  of  back  pressure,  varying  from  1  to  4 
inches,  according  to  the  depth  of  water  traversed.  There  are 
numerous  designs  of  the  apparatus,  but  the  principal  ones  are  here 
described. 

The  persistent  advocacy  of  Mr.  George  Anderson  has  done  much  to- 
restore  the  washer  to  favour,  and  his  form  of  the  apparatus  is  still  one 
of  the  best. 

It  consists  of  a  cast-iron  outer  vessel,  containing  a  number  of  trays, 
having  on  their  under  side  a  series  of  serrated  bars  extending  from 
side  to  side ;  these  dip  into  the  water  or  liquor,  and  the  gas,  in  pass- 
ing through  the  serrations  is  divided  into  minute  globules.  The 
pressure  given  can  be  regulated  by  raising  or  lowering  the  overflow 
with  which  the  apparatus  is  provided.  A  four- way  valve  is  used 
for  shut-off  and  bye-pass.  Weak  ammoniacal  liquor  from  the 
condenser  is  run  in  at  the  top,  and  drips  from  tray  to  tray  till  it 
reaches  the  bottom.  The  washer  is  made  either  single  or  double  as 
required. 

In  Cathels*  washer  the  usual  oblong  or  square  vessel  is  divided  into 
sections,  as  many  as  may  be  desired,  each  elevated  higher  than  the 
others  in  the  form  of  steps.  The  gas  enters  at  the  bottom,  passes  in 
divided  streams  through  a  number  of  curtain  serrations  extending  the 
full  length  of  the  vessel,  and  so  on  through  the  rest,  and  out  at  the  top 
of  the  higher  compartment.  When  the  liquor  in  the  lowest  section 
is  of  the  strength  required,  it  is  run  off,  and  the  contents  of  the 
several  sections  transferred  one  step  lower,  the  last  or  uppermost 
being  charged  with  fresh  water.  This  apparatus  is  also  arranged  in 
the  vertical  position  to  occupy  less  ground  space. 
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Livesey's  washer  is  a  compact  and  efficient  apparatus,  occupying 
less  room  for  the  work  done  than  any  other.  In  a  rectangular  cast- 
iron  box  of  any  size  (depending  on  the  make  of  gas)  is  a  series  of 
rectangular  tubes  of  wrought-iron,  to  which  wrought-iron  perforated 
plates  are  fieistened,  turned  down  at  the  sides  till  they  dip  into  the 
liquor.  The  perforations  are  l-20th  of  an  inch  diameter,  and  l-5th 
of  an  inch  apart. 

The  gas  passes  down  between  the  tubes  and  through  the  side  per- 
forations into  spaces  filled  with  liquor,  and,  bubbling  upwards,  is  again 
broken  up  by  finding  its  way  through  the  horizontal  perforations  into 
the  open  space  above,  and  so  along  to  the  outlet  of  the  apparatus. 
Means  are  provided  for  securing  an  active  circulation  of  the  liquor, 
which  is  constantly  flowing  through  it  from  the  adjacent  scrubber,  and 
away  by  an  overflow  to  the  well. 

THE  TOWER  SCRUBBER. 

The  Tower  Scrubber  (Fig.  54)  is  a  cast-iron  vessel,  either  rectangular 
or  cylindrical  (the  latter  shape  being  preferred),  erected  on  end,  through 
which  the  gas  is  made  to  pass  in 
an  upward  direction  after  issuing 
from  the  washer. 

Its  primary  use  is  to  purify  the 
gas  from  ammonia  by  the  aid  of 
water;  advantage  being  taken  of 
the  well-known  great  affinity  of 
ammonia  for  that  liquid.  Water, 
^t  mean  temperature  and  pressure 
(60*  Fahr.,  barometer  80"),  dis- 
solves 788  times  its  volume  of 
^mmoniacal  gas — that  is,  undiluUd 
ammoniacal  gas.  When  the  latter 
is  mixed  with  other  gases,  as  in  the 
oase  of  coal  gas,  the  power  of  water 
to  arrest  it  is  not  nearly  so  great. 
It  also  arrests  a  considerable  pro- 
portion of  the  sulphuretted  hydrogen 
a.nd  carbonic  acid. 

This  is  accomplished  by  filling 
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the  vessel  wholly  or  in  part  with  either  coke,  boulder-stones,  brick- 
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bats,  roof  or  draining  tiles,  furze,  or  layers  of  thin  boards  set  on  edge, 
about  5  to  7  inches  in  width,  f  ths  of  an  inch  thick,  and  from  ^  to  f  of 
an  inch  apart ;  the  material  being  kept  constantly  moistened  by  a 
stream  of  water  trickling  from  a  stiitable  distributing  apparatus  fixed 
in  the  crown. 

When  the  coke  or  other  material  is  placed  in  layers,  it  is  supported 
on  grids  fixed  at  convenient  distances  apart ;  and  opposite  each  space 
a  manhole,  secured  by  a  movable  lid  or  cover,  is  provided,  so  as  to 
afford  access  to  the  interior,  either  for  examination  or  renewal  of  th& 
contained  material. 

The  Livesey  scrubber  is  fitted  with  boards  J  of  an  inch  thick,  11 
inches  wide,  placed  on  edge,  and  kept  apart  by  strips  or  blocks  of 
wood  f  of  an  inch  square ;  thus  making  one  board  to  1  inch.  The 
tiers  are  separated  by  2-in.  square  cross  sleepers. 

The  first  cost  of  filling  with  boards  is  greater  than  when  coke  or 
other  material  is  employed,  but  it  possesses  the  marked  advantage 
of  not  fouling  up,  and  will  rarely  or  never  need  renewing.  The  gas 
cannot  form  narrow  channels  in  its  passage  through  the  vessel,  but  is 
constantly  being  broken  up  and  brought  in  contact  with  the  water 

that  drips  from  all 
sides.  Mr.  Green 
uses  canvas  screens 
depending  from 
transverse  rods  as 
-\  \  filling  medium.  Open 
^^^jAJscYubhera  are  also- 
used  without  any  of 
the  materials  above 
mentioned.  In  such 
cases  the  column  of 
gas  in  its  upward 
progress  is  met  by  a 
descending  shower  of 
spray  from  a  Gumey 
jet  (Fig.  65). 

The  most  efficient 

tower  scrubber  is  the 

cylindrical,  standing 

Pjq  gg  in  height  about  five 
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to  seven  times  its  diameter.  Owing  to  the  difficulty  of  securing  an 
-equal  distribution  of  the  water  or  liquor,  the  diameter  should  not 
exceed  10  feet  in  the  largest  works.  As  a  general  rule  8  feet 
<liameter  is  preferable ;  for,  to  obtain  the  full  benefit  to  be  derived 
from  this  apparatus,  there  should  be  immediate  contact  of  the  gas 
with  the  water  or  liquor  in  a  state  of  minute  subdivision.  Height  is 
«n  important  factor  in  a  tower  scrubber.  Experience  has  proved  that 
the  best  filling  is  thin  rough-sawn  boards,  placed  in  alternate  layers 
on  edge  one  over  the  other,  or  canvas  screens,  as  before  described. 
When  coke  is  used  as  the  scrubbing  material,  it  may  be  placed  in  six 
or  eight  layers,  with  a  space  of  about  6  inches  between  each.  What- 
ever material  is  used  in  filling  the  scrubber,  it  is  important  that  all 
parts  of  its  surfsbce  should  be  wetted  6ks  equally  6ks  possible.  The 
proper  action  of  the  scrubber  depends  on  this. 

The  necessity  of  a  good  water  distributing  apparatus  is  therefore 
obvious.  Not  only  should  this  be  of  good  construction  in  the  first 
instance,  but  it  should  always  be  maintained  in  efficient  working  order. 
The  gas  enters  at  the  bottom  of  the  vessel,  and  the  water  or  liquor  at 
the  top.  The  gas  in  travelling  upwards  is  completely  broken  up, 
fresh  surfaces  being  constantly  presented  to  the  descending  drip,  and 
to  the  wetted  sides  of  the  filling  material,  against  which  it  is  rubbed 
or  scrubbed  all  the  way  up,  until  it  emerges  by  the  outlet  at  the  top. 
A  trapped  overflow  at  the  bottom  conveys  the  liquor  either  to  the 
washer  or  to  the  tar  well. 

The  gas,  before  entering  the  scrubbers,  should  have  the  whole  of 
the  tar  eliminated  from  it;  and  to  ensure  this,  a  washer  or  tar 
extractor  may  be  employed,  either  as  a  separate  apparatus,  or  placed 
in  the  bottom  of  the  tower. 

The  weak  ammoniacal  liquor  from  the  hydraulic  main  and  condenser 
may  be  employed  for  distribution  through  the  tower.  The  object  of 
using  this  is  to  arrest  a  proportion  of  the  carbonic  acid  and  sulphur- 
etted hydrogen,  as  well  as  the  other  sulphur  compounds,  for  which 
^unmonia  has  a  strong  affinity,  thus  relieving  the  lime  and  oxide  puri- 
fiers, and  saving  labour  and  purifying  materials.  The  weak  liquor  is 
also  by  this  means  brought  up  to  the  requisite  commercial  strength. 

One  method  frequently  adopted  of  applying  the  water  or  liquor  is 
by  a  pipe  passing  through  the  crown  or  side  of  the  vessel,  from  which 
pipe  smaller  tubes,  pierced  with  holes,  radiate  towards  the  circum- 
ference.    This  may  be  either  fixed  or  revolving ;  the  latter  being  the 
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most  efficient.  In  the  Mann  scrubber,  the  uppermost  part  of  the  tower 
•containing  the  distributor  is  made  about  two  ori  three  inches  wider 
iJian  the  rest,  in  order  that  the  sides  of  the  vessel  may  be  wetted  as 
well  as  the  contained  material.  In  this  wider  portion,  and  underneath 
the  distributing  tubes,  there  is  a  revolving  layer  of  birchwood  twigs 
lessening  in  depth  towards  the  circumference,  and  the  water  fedling 
upon  this  is  equally  distributed  throughout.  This  arrangement 
requires  the  use  of  a  small  engine  and  gearing  to  produce  the  slow 
rotary  motion. 

To  obviate  the  necessity  for  an  engine,  a  Barker's  mill  or  other 
:similar  appliance  is  sometimes  used  for  producing  the  required  motion ; 
the  mill  is  usually  fed  intermittently  from  a 
tilting  box*  or  a  vessel  holding  sevenJ  gallons 
of  water,  and  fitted  with  a  valve  and  float. 
Where  the  quantity  of  liquor  supplied  is  large, 
a  small  turbine  may  be  adopted  for  turning 
the  distributor.  For  small  scrubbers,  the 
water  or  liquor  feeding  arrangements  may 
be  as  shown  in  Fig.  56. 

With  the  introduction  and  perfecting  of  the 
rotatory  washer-scrubber  has  come  a  gradual 
modification  of  the  views  formerly  held  in 
regard  to  the  superiority  of  the  tower  form. 
It  is  now  generally  admitted  that  the  rotatory 
apparatus  is  of  much  excellence,  being  more 
under  control,  and  more  certain  in  its  action, 
than  the  other.  It  by  no  means  follows, 
liowever,  that  the  tower  scrubber  should  be  discarded.  The  best 
provision  to  make  for  scrubbing  purposes  is  to  apply  one  tower  and 
one  rotatory  apparatus  for  each  stream  of  gas.  That  is  to  say : 
Assuming  a  works  where  the  gas  is  sent  in  one  continuous  stream 
through  the  different  appliances  of  purification,  then  one  tower  and 
one  rotatory  scrubber  will  suffice.    Thus — 


Fio.  66. 


0- 


Washer  Scrubber 


Fio.  67. 


When  the  make  is  sent  through  the  apparatus  in  several  streams — 
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as  shonld  be  the  case  in  lairge  works — Hie  like  provision  is  made  for 
each  stream.    Thus — 


Fio.  58. 


The  question  as  to  the  capacity  of  the  washer-scrubbers  will  be 
decided  by  the  quantity  of  gas  they  are  intended  to  pass ;  whether 
half,  one,  or  two  million  cubic  feet,  and  so  on,  per  day  of  24 
hours. 

Adopting  this  arrangement,  the  tower  scrubber  would  be  supplied 
exclusively  with  weak  ammoniacal  liquor,  and  the  washer-scrubber 
with  clean  water.  The  tower  scrubber,  even  in  the  largest  works,  should 
not  exceed  ten  feet  in  diameter,  for  the  reasons  previously  stated ;  the 
supply  of  liquor,  which  should  be  plentiful,  being  moderated  or  in. 
creased  according  to  the  season  of  the  year  and  the  quantity  of  gas 
being  passed. 

In  works  where  there  are  no  washer-scrubbers,  but  towers  only,  the 
latter  are  most  economical  and  effective  when  they  are  used  in  pairs 
(Fig.  54),  the  gas  being  passed  through  first  one  and  then  the  other. 
In  such  case,  weak  ammoniacal  liquor  should  be  pumped  liberally 
through  the  first,  and  fresh  water,  in  the  proportion  of  two  to  three 
gallons  per  1000  cubic  feet  of  gas  passing,  through  the  second  scrubber. 
When  more  than  one  pair  of  tower  scrubbers  is  employed,  as  is  the 
case  in  considerable  sized  works,  the  gas  should  be  distributed  in  equal 
proportion  through  the  several  pairs  simultaneously — not  through 
each  in  succession. 

Tower  scrubbers,  when  used  alone,  and  not  in  conjunction  with  the 
washer-scrubber,  should  have  an  aggregate  cubical  volume  of  at  least 
9  feet  for  each  1000  cubic  feet  of  gas  made  per  day  of  24  hours,  taking 
the  maximum  production  as  the  basis  of  the  calculation.  For  example, 
take  a  works  producing  in  the  depth  of  winter  600,000  cubic  feet  of 
gas  per  day  of  24  hours : — 
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Then, 

600x9  =  5400  feet,  cubical  volume  required. 
This  would  be  supplied  by 

Two  scrubbers,  each  8  ft.  diameter,  and  56  ft.  high. 
Or  again,  take  a  works  producing  1,000,000  cubic  feet  per  day  :— 
Then, 

1000x9=9000  feet,  cubical  volume  required. 
This  would  be  supplied  by 

Two  scrubbers,  each  10  ft.  diameter,  and  58  ft.  high. 
Where  the  washer-scrubber  is  also  employed,  one  tower  in  each  of 
the  above  instances  is  sufficient. 


THE   WASHERSCRUBBER. 

The  washer-scrubber  has  come  largely  into  use  in  recent  years,  and 
deservedly  so,  as  it  removes  the  last  vestige  of  free  ammonia  from  the 
gas,  as  well  as  a  proportion  of  the  other  impurities.  It  is  placed  hori- 
zontally, is  rectangular  or  round  in  section,  and  consists  of  a  cast-iron 
tank  or  vessel  in  divisions,  containing  water  or  liquor,  in  which  a 
series  of  perforated  discs  or  volutes  of  sheet-iron,  or  chambers  contain- 
ing wood  balls  or  bundles,  or  other  filling  medium,  exposing  a  large 
surface,  are  made  to  revolve  on  a  central  shaft,  at  a  slow  speed. 
These,  as  they  rise  from  the  liquid,  are  completely  wetted  on  all  sides^ 
and  the  crude  gas  passing  through  or  amongst  them,  coming  in  contact 
with  the  wet  surfaces,  is  deprived  of  its  ammonia  and  a  portion  of  the 
other  objectionable  compounds.  The  clean  or  fresh  water  entering 
at  one  end,  and  flowing  through  the  different  divisions,  is  met  by^ 
the  gas  which  enters  at  the  opposite  end,  and  gradually  increases  in 
strength  till  it  issues  from  the  last  compartment  as  10  or  12  ounce 
(5**  or  6*  Twaddel)  ammoniaoal  liquor.  Eirkham,  Hulett,  and  Chandler's 
"  Standard  "  Washer-Scrubber  (Fig.  59)  and  Laycock  and  Olapham's 
••  Eclipse  '•  Washer-Scrubber  (Fig.  60)  are  of  this  type. 

This  apparatus  has  largely  supplanted  the  tower  scrubber,  by  reason 
of  its  being  more  manageable,  as  well  as  more  certain  in  its  action  as 
an  ammonia  extractor.  It  is  a  mistake,  however,  to  dispense  altogether 
with  the  tower.  The  two  should  be  used  in  conjunction,  as  described 
on  page  95,  the  gas  being  drenched  in  the  tower  with  weak  ammoniacal, 
liquor,  and  afterwards  treated  with  clean  water  in  the  rotatory  vessel. 
This  is  the  perfection  of  gas  scrubbing. 
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Anderson's  combined  washer  and  scrubber  consists  of  a  rectangular 
cast-iron  vessel,  standing  on  end,  and  in  height  about  five  times  its 
width.  The  vessel  is  divided  into  compartments,  each  of  which 
contains  a  drum  caused  to  revolve  by  suitable  gearing.  The  circum- 
ference of  each  drum  is  fitted  with  a  brush  of  whalebone  or  other 
fibre.  These  fit  exactly  into  the  space  allotted  for  them,  and,  in 
revolving,  dip  into  the  liquid  which  partially  fills  the  several  divisions. 
The  scrubber  stands  on  an  Anderson  washer  (see  page  91).  A  small 
stream  of  pure  water,  at  the  rate  of  10  to  12  gallons  per  ton  of  coal 
carbonized,  is  kept  flowing  into  the  top  compartment  through  a  funnet 
and  sealing  tube,  and  gradually  descends  by  way  of  the  gas-pipe& 
connecting  the  chamber  till  it  enters  the  washer,  from  which  there  i& 
an  overflow  pipe  to  the  well.  The  gas  enters  the  washer  at  the  bottom, 
and  is  first  relieved  of  the  tar  remaining  after  condensation  ;  thence 
it  passes  through  the  revolving  brushes,  meeting  diflerent  strengths 
of  liquor  in  each  division,  till  it  reaches  the  upper  one  containing 
pure  water,  and  away  by  the  outlet.  By  this  means  the  whole  of  the 
ammonia  and  a  large  proportion  of  the  other  impurities  are  removed. 

In  addition  to  the  apparatus  described  above,  the  *' purifying 
machine"  made  by  0.  &  W.  Walker  is  a  powerful  washer  andi 
scrubber  combined. 

Ford's  scrubber-washer  and  Cockey*s  washer  are  compact  apparatus, 
producing  excellent  results,  and  these  do  not  require  motive  power 
to  work  them. 

Dr.  Frankland  gives  the  following  useful  table  showing  the  number 
of  volumes  of  various  gases  which    100  volumes    of  water  at    60^ 
Fahr.,  and  80  inches  barometric  pressure,  can  absorb  : 
Ammonia 78,000  volumes. 


Sulphurous  acid     .     .     .  8,800        „ 

Sulphuretted  hydrogen      .  258        „ 

Carbonic  acid    ....  100        ,, 

Olefiant  gas       ....  12*5     „ 

Dlummating  hydrocarbons  P***  determmed,  but  probably  mor» 

'  soluble  than  olefiant  gas. 

Oxygen 8*7  volumes. 

Carbonic  oxide  ....  1*56      „ 

Nitrogen 1-56      „ 

Hydrogen 1*56      „ 

Light  carbnretted  hydrogen  1*60      ,, 
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When  water^has  been  saturated  with  one  gas,  and  is  exposed  to  the 
influence  of  a  second,  it  usually  allows  a  portion  of  the  first  to 
escape,  whilst  it  absorbs  an  equivalent  quantity  of  the  seocmd.  In  this 
way  a  small  portion  of  a  not  easily  soluble  gas  can  expel  a  large 
volume  of  an  easily  soluble  one. 

BYBPASS    MAINS    AND    VALVES. 

In  connection  with  the  foregoing  apparatus,  viz.,  the  condenser, 
exhauster,  washer,  tower-scrubber,  and  washer-scrubber,  bye-pass 
mains  closed  with  valves  or  water-traps  should  be  provided,  in  order  to 
allow  of  any  of  them  being  put  out  of  action  for  cleaning  or  repairs. 
The  exhauster  bye-pass  is  closed  with  a  flap  valve,  so  that,  in  case 
of  sudden  stoppage  of  the  machinery,  the  valve  opens  by  the  pressure 
•of  the  gas  being  thrown  against  it,  and  allows  the  gas  to  flow 
unchecked. 

TAR  AND   LIQUOR  WELLS  AND  TANK. 

The  tar  and  ammoniacal  liquor  underground  wells  may  be  built  either 
ot  bricks  laid  in  cement  and  carefully  puddled  at  the  bottom  and  sides, 
or  of  cement  concrete  rendered  over  the  whole  inside  surface,  or 
formed  of  cast  or  wrought  iron  or  steel  plates,  bolted  together,  and 
having  either  planed  or  caulked  or  riveted  joints.  The  iron  vessel  is 
preferable  when  the  construction  of  a  good  foundation  is  likely  to  be  a 
matter  of  great  expense. 

The  well  or  wells  should  be  of  capacity  sufficient  to  contain 
3ix  weeks'  make  of  material,  reckoning  from  the  maximum  daily 
production.  Less  than  six  weeks'  storage  space  will  serve  when  the 
liquor  is  manufactured  into  sulphate  of  ammonia  on  the  premises. 

Another  well  of  smaller  dimensions,  the  size  depending  on  the  mag- 
nitude of  the  works,  ought  to  be  provided,  to  serve  as  a  lute  or  seal, 
into  which  the  drip-pipes  from  the  diflerent  apparatus  should  dip. 
From  this,  at  a  depth  of  about  15  or  18  inches  below  the  surface  of  the 
ground,  an  overflow-pipe  or  channel  conveys  the  condensed  products 
into  the  larger  reservoir. 

In  some  works  the  tar-pipe  is  taken  direct  from  the  hydraulic  main 
into  the  large  well,  and  there  sealed  by  being  made  to  dip  into  a 
vertical  pipe  secured  to  the  bottom  of  the  tank.  This  is  objectionable, 
as,  in  case  of  stoppage,  it  is  difficult  of  access.  Again,  there  is  always 
ihe  liability  of  an  escape  of  gas  from  that  portion  of  the  pipe  within 
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the  well ;  farther,  where  flushing  of  the  hydraulic  main  is  practised, 
the  rofihing  liquor  carries  with  it  a  quantity  of  gas  which  is  liberated 
within  the  well.  It  is  also  important  that  the  tar  should  be  cooled 
somewhat  before  entering  the  larger  receptacle,  because  hydrocarbon 
vapour  is  given  off  from  it  at  a  temperature  of  about  90^  Fahr.  and 
above.  In  each  of  these  cases  the  gas  or  vapour,  mixing  with  the 
contained  air  within  the  well,  would  explode  with  disastrous  conse- 
quences on  contact  with  a  light.  Accidents  which  have  occurred  have 
been  due  to  one  or  other  of  these  causes. 

In  all  cases  the  wells  should  be  covered  over  to  exclude  surface  and 
rain  water,  and  prevent  the  possible  loss  of  ammonia  by  evaporation. 

In  addition  to  the  underground  well,  an  elevated  cast-iron  cistern 
is  indispensable   in   a    well-appointed    gas-works.      Into    this    the 
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Pio.  61.— Vmbtical  Sbctiok. 
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Fio.  62.— Plan. 


tar  and  liquor  are  pumped  from  the  underground  well,  and  suitable 
draw-off  pipes,  furnished  with  stopcocks  or  valves,  serve  to  discharge 
the  material  into  the  barrels,  trucks,  or  barges  of  the  purchasing^ 
contractor. 

The  cistern  may  be  divided  in  two  by  means  of  a  partition  plate 
reaching  to  within  about  6  inches  of  the  top,  over  which  the  ammo- 
niacal  liquor  will  flow,  separating  itself  from  the  tar  by  reason  of  its 
lower  specific  gravity. 

A  tar  and  liquor  separator,  for  placing  in  the  ground  in  any  con- 
venient position  near  to  the  underground  well,  is  shown  in  sectional 
elevation  and  plan  in  Figs.  61  and  62.  It  consists  of  a  cast-iron 
vessel,  about  4  feet  square  and  4^  feet  deep,  for  a  considerable  sized 
gas-works.  The  division  plate  extends  from  the  top  of  the  vessel  ta 
within  4  inches  of  the  bottom ;  the  diaphragm,  over  which  the  tar 
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escapes  into  its  separate  well,  being  plaoed  1^  inches  lower  than  the 
other  diaphragm  for  the  ammoniacal  liquor. 

TABLE. 

Contents  of  Circular  Tanks  or  Wells  in  Gallons  for  each  Foot  in  Depth, 


DUmeter. 

QAllons  for  eaob 

Diameter. 

Oftllons  for  each 

Diameter. 

Gallons  for  eaoh 

Ft.    In. 

Foot  in  Depth. 

Ft.    In. 

Foot  in  Depth. 

Ft.    In. 

Foot  in  Depth. 

9    0 

897-6 

16    6 

1886-4 

24    0 

2827-4 

9    8 

420-0 

16    9 

1377-2 

24    8 

2886-7 

9    6 

448-0 

17    0 

1418-6 

24    6 

2946^5 

9    9 

466-6 

17    8 

1460-7 

24    9 

8006-9 

10    0 

490-9 

17    6 

1608-8 

26    0 

8068*0 

10    8 

616-7 

17    9 

1646-6 

25    8 

8129-6 

10    6 

641-2 

18    0    - 

1690-4 

25    6 

8191*9 

10    9 

667-8 

18    8 

1684-9 

23    9 

8264-8 

11    0 

694-0 

18    6 

1680-0 

26    0 

8818-8 

11    8- 

621-3 

18    9 

1726-7 

26    8 

8382-4 

U    6 

649-2 

19    0 

1772-1 

26    6 

8447-2 

11    9 

677-7 

19    8 

1819-0 

26    9 

8612-5 

12    0 

706-9 

19    6 

1866-6 

27    0 

8578-6 

la   8 

786-6 

19    9 

1914-7 

27    8 

3646-1 

12    6 

767-0 

20    0 

1963-6 

27    6 

3712-2 

12    9 

798-0 

20    8 

2012*9 

27    9 

3780-0 

18    0 

829-6 

20    6 

2062-9 

28    0 

8848-6 

18    8 

861-8 

20    9 

2113-6 

28    8 

8917-6 

18    6 

894-6 

21    0 

2164-8 

28    6 

8987-1 

18    9 

9281 

21    8 

2216-6 

28    9 

4067-4 

14    0 

962-1 

21    6 

2269-1 

29    0 

4128-3 

14    8 

996-8 

21    9 

2822-1 

29    8 

4199-7 

14    6 

1082-1 

22    0 

2876-8 

29    6 

4271-8 

14    9 

1068-0 

22    8 

2480- 1 

29    9 

4344-6 

16    0 

1104-6 

22    6 

2486-0 

80    0 

4417-9 

15    8 

1141-6 

22    9 

2640-6 

80    8 

4491-8 

16    6 

1179-8 

28    0 

2596-7 

80    6 

4666*4 

16    » 

1217-7 

28    8 

2668-5 

80    9 

4641-6 

16    0 

1266-6 

28    6 

2710-8 

81    0 

4717 -a 

16    8 

1296-2 

28    9 

2768-8 

81    3 

4798-7 

PURIFICATION. 

impurities  in  Crude  Coai  Oas. — The  chief  impurities  present 
in  coal  gas,  in  its  crude  or  raw  and  unpurified  state,  at  the  time 
it  leaves  the  retorts,  are  tar  vapour,  ammonia,  carbonic  acid, 
sulphuretted  hydrogen,  and  other  sulphur  compounds,  notably  bisul- 
phide of  carbon. 

The  first-named  impurity,  tar  vapour,  begins  to  condense  and  is 
partially  removed  in  the  hydraulic  main  and  pipes  leading  to  the 
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condensing  apparatus,  where,  if  this  is  of  sufficient  capacity,  and 
otherwise  adapted  to  the  performance  of  the  work  required  of  it,  it  is 
nearly  all  removed.  What  remains  is  taken  out  by  the  washer  or  tar 
extractor. 

The  ammoniacal  gas,  of  which  there  is  about  1  per  cent,  by 
volume,  also  begins  to  separate  from  the  crude  coal  gas  in  the 
hydraulic  and  foul  mains,  combining  with  the  moisture  distilled 
from  the  coal.  In  the  condenser  and  washer  a  further  portion  is 
removed,  and  in  the  tower  scrubbers  and  washer-scrubbers,  if  these 
are  as  efficient  as  they  ought  to  be,  or  can  easily  be  rendered,  the 
whole  of  the  remaining  ammonia  (amounting  to  about  *15  per  cent.) 
is  extracted. 

The  hydraulic  and  foul  mains,  condensers,  washers  and  scrubbers 
are  also  efficacious  in  removing  a  portion  of  the  carbonic  acid  (existing 
in  the  gas  to  the  extent  of  about  2-5  to  8  per  cent.),  sulphide  of 
hydrogen  or  sulphuretted  hydrogen  (from  1  to  2  per  cent,  of  which  is 
contained  in  the  gas),  and  bisulphide  of  carbon ;  but  the  bulk  of  these 
three  latter  impurities  still  exists  in  the  gas  after  leaving  the  scrubbers, 
and  is  carried  forward  to  the  purifiers. 

These  are  charged  either  with  hydrate  of  lime  or  hydrated  peroxide 
of  iron,  or  a  combination  of  both  substances,  arranged  in  separate 
layers  or  tiers  within  the  several  vessels. 

Purification  by  Lime. — The  lime  has  a  perfect  and  strong  affinity 
for  carbom'c  acid  and  sulphuretted  hydrogen,  and  accordingly  it  en- 
tirely removes  these  compounds  from  the  gas,  without  leaving  the 
slightest  trace  of  their  presence.  The  lime,  however,  in  its  state  of 
oxide  of  calcium,  has  no  affinity  for  the  bisulphide  of  carbon,  so 
that  the  greater  proportion  of  this  impurity  (all,  except  such  part 
as  is  removed  by  the  foul  lime  when  in  the  state  of  sulphide  of  calcium), 
is  carried  forward  into  the  holders. 

Cream  or  milk  of  lime  was  used  in  purifying  in  the  early  days  of 
gas  manufacture,  and  though  this  was  thoroughly  efficient,  and  is 
probably  the  most  economical  method  of  employing  the  lime,  it  has 
been  generally  discarded  on  account  of  the  obnoxious  character  of 
the  refuse  material,  <'  blue  billy,"  as  it  was  called,  and  the  difficulty 
of  getting  rid  of  it.  Lime  in  the  hydrated  state  is  now  generally 
adopted. 

The  lime  should  be  prepared  by  being  slaked  with  clean  water  a 
day  or  two  before  it  is  required  for  use.    If  placed  in  the  purifiers 
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before  this  necessary  interval  has  elapsed,  it  is  liable  to  cake  or  become 
more  compact  than  it  otherwise  wonld.  On  the  other  hand,  hydrate 
of  lime  absorbs  carbonic  acid  from  the  atmosphere,  and  its  purifying 
power  is  nullified  in  proportion  to  the  extent  of  such  absorption. 
It  should  not,  therefore,  be  prepared  for  any  great  length  of  time  before 
it  is  needed. 

It  is  a  mistake  to  place  the  prepared  lime  in  the  purifiers  in  a  com- 
paratively dry  and  almost  powdery  state.  Lime  used  in  this  condition 
is  less  effective  than  when  thoroughly  moistened.  It  is  also  a  wasteful 
method  of  using  the  lime,  as  a  large  proportion  of  the  material  will 
be  found  unspent  and  almost  untouched  by  the  impurities,  when  the 
vessel  requires  to  be  changed.  The  finely-divided  lime  is  also  more 
liable  to  cake  than  the  other,  and  thus  increase  the  back  pressure. 
When  the  production  of  gas  is  great,  as  in  the  depth  of  winter,  these 
disadvantages  are  strongly  felt. 

The  lime  should  be  well  watered.  A  hose  pipe  or  india-rubber  tube, 
terminating  in  a  copper  spreader  or  rose,  is  useful  for  this  purpose.  It 
should  then  be  passed  through,  by  being  thrown  against,  a  screen 
made  either  of  parallel  steel  rods  f -inch  thick  and  1  inch  apart,  or  of 
strong  wire  having  1-inch  square  meshes.  This  not  only  removes  the 
stones  or  flints  which  are  less  or  more  present,  but  it  gives  a  granular 
character  to  the  prepared  material,  in  which  condition  it  best  performs 
its  work  in  the  purifiers. 

Mr.  Hislop  h6ks  patented  a  process  of  calcination  in  suitable  kilns,  by 
which  the  spent  lime  is  converted  into  quick  lime  to  an  almost  un- 
limited extent,  and  at  considerably  less  cost  than  new  lime.  A 
nuisance  is  thus  got  rid  of,  and  further  economy  in  purification 
efifected. 

Notes  on  Lime. — Limestone  is  the  carbonate  of  lime  found  in  its 
natural  state,  from  which  the  oxide  or  calcium  (quick  or  caustic  lime) 
is  produced  by  the  expulsion  of  the  carbonic  acid  by  means  of  heat  in 
the  limekiln. 

Quick  or  Caustic  Lime  (oxide  of  calcium)  is  lime  in  the  solid  state, 
before  absorbing,  or  being  slaked  with,  water. 

HydraU  of  Lime  is  lime  in  a  moist  state.  It  is  a  chemical  com- 
pound of  lime  and  water  in  the  proportion  of  one  part  of  water  to  three 
parts  of  lime. 

Milk  of  Lime,  or  Cream  of  Lime,  is  a  mixture  or  solution  of  hydrate 
of  lime  and  water. 
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Quick  lime  nearly  doubles  in  bulk  on  being  slaked. 

From  90  to  140  lbs.  of  quick  lime,  reduced  to  a  hydrate,  are  required 
in  the  purification  of  the  gas  produced  from  1  ton  ot  cannel,  and  from 
55  to  80  lbs.  of  that  produced  from  1  ton  of  coal. 

1  bushel  of  quick  lime  weighs  about  70  lbs. 

1  cubic  foot  of    „  „  54  „ 

1     „    yard  of  „  „        1460  „ 

1  ton  of  „        is  equal  to  about  82  bushels. 

The  value  of  limestone  as  a  purifying  agent  is  in  inverse  proportion 
to  the  amount  of  earthy  or  foreign  matter  it  contains ;  that  which 
leaves  the  smallest  proportion  of  insoluble  sediment  on  being  dissolved 
in  diluted  acid  is  the  best. 

Purification  by  Oxide  of  Iron. — Oxide  of  iron  possesses  the  pro- 
perty of  combining  with  sulphuretted  hydrogen,  but  it  has  no- 
affinity  for  carbonic  acid  and  bisulphide  of  carbon  ;  hence  when  this 
oxide  is  used  exclusively,  the  two  latter  named  impurities  are  still 
present  in  the  gas  as  supplied  from  the  holders.  This  remark,  how- 
ever, needs  some  qualification.  As  oxide  of  iron,  pure  and  simple,  it 
has  no  affinity  for  bisulphide  of  carbon  and  other  sulpho-carbon  com-^ 
pounds,  but,  from  the  observations  made  at  the  several  metropolitan 
gas-works,  Mr.  B.  H.  Patterson  (one  of  the  Referees)  deduced  the 
interesting  fact  that  the  sulphur  which  is  present  in  a  state  of  minute 
division  in  the  oxide  of  iron,  after  the  latter  has  been  in  use  for 
some  time  and  frequently  revivified, -possesses  the  power  of  arresting  a 
portion  of  the  bisulphide  of  carbon. 

The  hydrated  peroxide  of  iron  may  be  either  the  natural  oxide, 
bog  iron  ore  as  it  is  called,  found  largely  deposited   in  some  of 
the  bogs  in  Ireland  and  elsewhere ;  or  the  artificial  oxide,  obtained 
as  a  waste  product  fiK>m  various  processes  of  the  manufiGbcturing 
chemist. 

Oxide  of  iron  possesses  this  advantage  over  lime :  After  it  has  been 
in  the  purifier,  and  has  taken  up  its  quantum  of  sulphuretted  hydrogen, 
it  can  be  revivified  on  exposure  to  the  air.  Accordingly,  when  this 
material  is  used,  a  floor  has  to  be  provided  on  which  it  can  be  spread 
out,  and  turned  over  for  revivification.  At  the  Manchester  Gas- 
Works,  a  horse  and  plough  are  employed  for  turning  over  the  foul 
oxide. 

When  taken  out  of  the  purifier  it  is  sulphide  of  iron,  of  a  dense  black ; 
and  after  exposure  it  changes  to  its  original  reddish  brown  colour,. 
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oxygen  having  been  taken  ap»  and  sulpbar  deposited  in  the  free  state 
in  the  mass.  When  the  salphor  is  found  in  it  to  the  extent  of  about 
40  to  60  per  oent.  by  weight  (the  proportion  depending  on  the  quality 
of  the  oxide),  the  material  is  sold  to  the  manufacturing  chemist,  and 
replaced  by  fresh  oxide. 

In  using  fresh  oxide  of  iron,  it  is  necessary  to  exercise  certain  pre- 
cautions. The  foul  material,  on  its  exposure  to  the  air  for  the  first 
two  or  three  times,  absorbs  oxygen  so  rapidly  as  often  to  generate 
very  intense  heat,  the  whole  mass  frequently  becoming  red  hot. 
Should  this  occur  in  the  purifiers,  the  danger  is  considerable,, 
and  the  wood  grids  may  be  completely  destroyed.  Whenever, 
therefore,  a  purifier  containing  such  new  oxide  has  been  put  out 
of  action,  it  should  be  emptied  mthout  delay.  The  danger  of  ignition 
may  be  overcome  by  mixing  the  new  oxide  with  a  proportion  of 
the  spent. 

Foul  oxide  should  not  be  spread  out  immediately  on  being  removed 
from  the  purifiers.  If  it  is  allowed  to  remain  in  the  heap  for  a  spaoe- 
of  12  to  24  hours,  and  then  distributed  over  the  floor,  the  revivification 
is  more  complete,  whilst  the  liability  to  ignition  is  reduced. 

Average  Composition  of  tlie  Ric/ier  DescHptiom  of  Native  Bog  Ore  for 
Purifying  Purposes,  dried  at  212°  Fahr.  {King's  Treatvie) : — 

Ferric  oxide     .         .         .         .         60  to  70  per  cent. 
Organic  matter        .         .         .         15  to  25        „ 

Silica 4  to    6         „ 

Alumina 1  „ 

As  generally  used,  the  material  contains  80  to  40  per  cent,  of 
water. 

Purification  by  Lime,  Suipiiide  of  Calcium  {Poui  or  Speat 
Lime)  and  Oxide  of  iron,  combined. — ^Lime  alone,  or  the  lime  and 
oxide  of  iron,  when  properly  applied,  are  capable  of  freeing  the  gas 
entirely  of  the  whole  three  impurities,  carbonic  acid,  sulphuretted 
hydrogen,  and  bisulphide  of  carbon.  This  brings  us  to  the  method  of 
purifying  expounded  by  the  Beferees  in  their  Beport  to  the  Board 
of  Trade  on  Sulphur  Purification  at  the  Beckton  Gas-Works,. 
January  81st,  1872 ;  and  also  by  Dr.  Odling,  somewhat  more  in 
detail,  in  his  lecture  on  Sulphide  of  Carbon,  delivered  at  the  Annual 
Meeting  of  the  British  Association  of  Gas  Managers,  held  in  London,. 
in  June,  1872. 
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To  accomplish  this  perfect  purification  in  accordance  with  the  sug- 
gestions made  by  Dr.  Odling,  three  sets  of  purifiers  are  required ;  the 
^s  passing  through  the  first  set  into  the  second,  and  on  to  the  third, 
firom  which  it  makes  its  exit  through  the  station-meter  into  the  holders. 
The  modus  operandi  is  as  follows : — 

Let  it  be  assumed  that  three  sets  of  purifiers,  consisting  of  four 
vessels  each,  are  employed.  Nine  of  these  are  constantly  in  action, 
three  being  at  rest  (one  from  each  set),  for  the  purpose  of  changing  or 
revivifying  the  purifying  material. 

The  first  and  second  sets  are  charged  with  lime,  the  third  set  with 
oxide  of  iron. 

Say  the  whole  nine  are  newly  charged.  On  the  gas  from  the 
J3crubbers  entering  the  first  set,  the  lime  is  acted  on  by  the  carbonic 
acid  and  sulphuretted  hydrogen  simultaneously,  leaving  the  bisulphide 
of  carbon  at  the  beginning  of  the  process  to  pass  imabsorbed.  After 
ihey  have  worked  for  some  time  the  sulphuretted  hydrogen  in  the 
first  set  is  gradually  expelled  by  the  incoming  carbonic  acid,  for 
which  the  lime  has  a  stronger  affinity.  The  second  set  is  now  being 
fouled  with  sulphuretted  hydrogen,  the  lime  being  wholly  or  in  part 
^shanged  in  character,  having  become  sulphide  of  calcium,  in  which 
state  it  has  an  affinity  for,  and  consequently  arrests,  the  bisulphide 
of  carbon ;  whilst  the  unabsorbed  sulphuretted  hydrogen  passes  on  to 
be  taken  up  by  the  oxide  of  iron  with  which  the  fintJ  set  of  puri- 
fiers is  charged.  By  the  application  of  the  proper  tests  at  the 
several  sets  of  purifiers,  the  time  for  changing  the  material  is 
^ascertained. 

The  question  of  supplying  gas  entirely  free  from  sulphur  in  any 
form  is  a  formidable  one  for  gas  companies  ;  not  so  much  because  of 
the  cost  (though  that  is  considerable)  of  erecting  the  additional  sets  of 
purifiers,  as  from  the  difficulty  of  providing  the  necessary  ground  space 
for  their  erection.  In  new  works  about  to  be  constructed  the  thing 
is  easily  arranged ;  but  in  the  majority  of  works  already  established 
it  would  not  be  easy  to  carry  the  system  into  effect. 

As  regards  the  question  of  cost,  a  careftil  estimate  shows  that  to 
^opt  the  extended  method  of  purifying  as  enunciated,  would  entail 
an  outlay  of  additional  capital  equivalent  to  close  upon  2d.  per  1000 
cubic  feet  of  gas  sold. 

The  property  of  absorbing  or  arresting  bisulphide  or  disulphide  of 
•carbon  possessed  by  the  sulphide  of  calcium,  was  known  by  chemists 
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and  some  observant  managers  of  gas-works  for  a  period  considerably 
anterior  to  the  date  of  the  publication  of  either  the  able  report  of  the- 
Referees,  or  of  the  valaable  lecture  of  Dr.  Odling,  and  the  principle 
of  purification^  therein  recommended,  acted  on  to  some  extent.  Dr. 
Letheby,  in  a  paper  communicated  to  the  British  Association  of 
Qas  Managers  in  1870,  speaking  of  the  mode  of  purification  pursued 
at  the  Great  Central  Works,  and,  after  referring  to  the  scrubbers, 
goes  on  to  say,  that  '*  the  gas  is  then  passed  through  a  series  of 
dry  lime  purifiers,  which  present  a  very  large  surface  for  absorption  ; 
and  the  lime  is  purposely  left  in  the  purifiers  after  it  has  become 
foul,  and  until  a  good  deal  of  the  sulphuretted  hydrogen  first  absorbed 
is  displaced  by  carbonic  acid.  In  this  manner  the  natural  affinity 
of  sulphide  of  calcium  for  bisulphide  of  carbon  is  permitted  to  act^ 
and  much  sulphur,  in  this  objectionable  form,  is  retained.  Leaving 
the  lime  purifiers,  the  gas,  which  is  stUl  charged  with  more  or  lesa 

of  sulphuretted  hydrogen,  is  passed  through  oxide  of  iron 

The  chemical  efiect  of  these  operations  is  very  intelligible,  for  sul- 
phide of  ammonium  (in  the  scrubbers,  &c.)  and  sulphide  of  calcium 
are  both  endowed  with  the  power  of  combining  with  bisulphide  of 
carbon,  and  therefore  of  absorbing  and  fixing  this  objectionable  im- 
purity. It  is  manifestly  then  of  the  greatest  importance  that  coal 
gas  should  be  kept  in  contact  with  these  substances  as  long  as  possible 
during  the  process  of  purification.  ...  In  the  case  of  sulphide 
of  calcium,  it  should  be  permitted  to  act  for  some  time  after  the  lime 
has  become  foul,  for  it  is  in  this  condition  that  it  is  most  effective, 
and  a  lime  purifier  should  not  be  changed  until  the  sulphuretted 
hydrogen  of  the  foul  lime  is  largely  displaced  by  the  carbonic  acid  of 
the  raw  gas.  If  it  be  necessary  to  use  oxide  of  iron  on  account  of  the 
difficulty  of  disposing  of  foul  lime,  it  should  be  used  after  the  lime.*' 

It  remained,  however,  for  Mr.  B.  H.  Patterson  to  show,  which  h& 
did  conclusively,  that  this  complete  purification  can  only  be  success- 
fully attained  by  first  extracting  the  carbonic  acid,  as,  until  that  is 
entirely  removed  from  the  crude  gas,  it  is  impossible  to  obtain  the 
sulphide  of  calcium  in  sufficient  quantity  or  condition  to  arrest  the 
bisulphide  of  carbon. 

The  Use  of  Air  in  Purification. — By  drawing  in  a  measured 
quantity,  say  1^  to  8  per  cent.,  of  air  at  the  inlet  to  the  condenser, 
revivification  of  the  oxide  of  iron  in  situ  can  be  effected  to  a  large 
extent. 
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The  purifiers  are  thoB  made  to  continae  in  use  for  a  greater  length 
of  time  without  changing,  whilst  it  is  remarkable  that  the  oxide  by 
this  process  can  be  charged  with  as  much  as  75  per  cent,  of  free 
sulphur. 

Purifiers  with  a  proportionately  large  area  in  comparison  with  the 
make  of  gas  are  required  to  obtain  the  fall  advantage  of  this  process. 

In  adopting  the  air  process,  two  layers  of  oxide  are  preferable  to 
one  deep  layer.  Owing  to  the  heat  generated  by  chemical  action,  as 
well  as  to  the  deposition  of  the  sulphur,  a  considerable  increase  or 
expansion  in  the  bulk  of  the  material  takes  place  in  the  purifiers,  and 
it  is  necessary,  therefore,  to  allow  ample  room  for  the  oxide  to  expand. 
A  space  of  several  inches  should  be  allowed  between  the  two  layers, 
and  the  surface  of  the  upper  layer  should  be  at  least  three  inches 
below  the  edge  of  the  water  lute. 

To  counteract  the  effect  of  the  nitrogen  passing  into  the  gas  (the 
oxygen  having  entered  into  combination  with  the  purifying  material), 
and  reducing  the  illuminating  power,  Mr.  J.  G.  Hawkins  has  devised 
an  apparatus  for  carburetting  the  air.  This  consists  of  a  closed  cast- 
iron  box,  oblong  in  shape,  which  is  constantly  supplied  with  tar  from 
the  hydraulic  main  or  condenser,  the  tar  being  heated  by  means  of 
steam  pipes  at  the  bottom  of  the  box,  to  a  temperature  of  176*  Fahr. 
{the  boiling  point  of  benzole).  Air  is  forced  by  means  of  a  steam 
pump  through  the  box  over  the  surface  of  the  tar,  being  made  to 
pursue  a  tortuous  course  by  means  of  a  series  of  baffle  plates,  and 
is  then  permitted  to  join  the  stream  of  gas  at  the  condensers ;  so 
that  any  subsequent  condensation  of  hydrocarbon  vapour  is  returned 
to  the  tar  well. 

The  Use  of  Pure  Oxygen  in  Purification. — The  chief  objection 
to  the  use  of  air  for  revivifying  the  oxide  of  iron  in  dtu  is  the  importa- 
tion of  a  considerable  volume  of  the  inert  gas  nitrogen  into  the  gas, 
reducing  the  luminiferous  value  of  the  latter,  unless  counteracted 
by  the  carburetting  process  above  described. 

It  is  obvious  that  if  pure  oxygen  is  employed  instead  of  atmospheric 
idr,  the  objection  stated  will  be  overcome.  The  cost  of  producing 
oxygen,  however,  rendered  its  use  prohibitory  for  this  purpose  until 
ihe  advent  of  Brin's  process  for  the  production  of  pure  oxygen  from 
Atmospheric  air  on  a  commercial  scale  and  at  a  cheap  rate. 

In  a  valuable  paper  read  before  the  Gas  Institute  in  1868,  Mr. 
Yalon  gave  an  interesting  description  of  a  series  of  careful  experiments 
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•carried  oat  by  him  to  test  the  value  of  the  system  of  adding  pore 
oxygen  to  the  gas  in  the  prooess  of  purification  by  oxide  of  iron  or 
lime. 

The  oxygen  was  admitted  at  the  exhauster  outlet  by  a  pipe  con- 
nected to  a  wet  meter  to  register  the  quantity  passing,  and  to  a  small 
holder  in  which  the  oxygen  was  contained. 

The  quantity  of  oxygen  passed  into  the  oxide  was  *1  per  cent*  by 
▼olume  for  every  100  grains  of  sulphuretted  hydrogen  per  100  cubic 
feet  of  gas. 

There  was  found  to  be  an  increase  in  luminosity  of  aboat  5  per 
<9ent.,  whilst  the  purification  was  conducted  with  less  than  the  usual 
•quantity  of  purifying  material  and  purifying  space. 

Using  lime  only  in  the  purifiers,  the  results  were  still  more  satis- 
factory. It  was  found  that  the  sulphur  was  deposited  in  the  solid 
form,  the  lime  being  perfectly  carbonated. 

The  sulphur  compounds  were  kept  down  to  an  average  of  6  to  8 
^grains  per  100  cubic  feet ;  and  the  illuminating  power  of  the  gas  was 
raised  by  1*25  per  cent. 

In  order  to  obtain  the  pure  oxygen  by  Brings  process,  air  is  first 
•deprived  of  its  carbonic  acid  and  moisture  by  being  drawn  by  a  pump 
through  chambers  containing  lime  and  caustic  soda,  and  the  same 
pump  forces  it,  under  a  pressure  of  about  one  atmosphere,  through 
barium  oxide,  contained  in  steel  retorts  8  inches  in  diameter,  heated 
in  brick  furnaces  to  a  dull  red  heat  by  producer  gas.  At  this 
temperature  the  barium  oxide  absorbs  a  large  proportion  of  the 
oxygen  contained  in  the  air,  and  is  converted  into  barium  peroxide ; 
the  nitrogen,  and  any  unabsorbed  oxygen,  escaping  through  a  relief- 
valve  at  the  other  end  of  the  retorts.  When  the  barium  oxide  is 
sufficiently  peroxidized,  the  temperature  of  the  retorts  is  raised  to 
bright  red,  and  the  pumps,  by  the  changing  of  the  valves,  are  con- 
verted into  vacuum  pumps ;  thereupon  the  absorbed  oxygen,  under 
ihe  influence  of  the  higher  temperature  and  reduced  pressure,  is  given 
•off  again,  and  discharged  by  the  pumps  into  the  gasholder.  The 
retorts  containing  the  restored  barium  oxide  are  allowed  to  cool  to 
their  previous  dull  red  temperature,  when  the  barium  oxide  is  again 
ready  to  abstract  a  fresh  supply  of  oxygen  from  the  air.  With  due 
•care,  and  under  proper  conditions,  there  seems  to  be  practically  no 
limit  to  the  number  of  operations  which  may  be  effected  by  the  one 
^arge  of  barium  oxide. 
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Buoh  was  the  method  of  workmg  at  the  time  when  Mr.  Valon  read 
the  paper  referred  to.  The  practical  process,  however,  as  since  per- 
fected by  him,  and  the  one  in  use  wherever  Brin*s  method  of  obtaining 
oxygen  is  relied  on,  is  to  maintain  the  retorts  containing  the  barium 
at  one  temperature,  say  about  1250^  to  1800°.  When  the  air  is 
being  pumped  into  the  retorts  it  is  kept  under  a  pressure,  governed 
by  a  safety  valve,  of  about  15  lbs.  to  the  square  inch  ;  and  when  tbe 
pumps  are  reversed  the  pressure  is  converted  into  a  vacuum  of  16  lbs. 
This  alternate  pressure  and  vacuum  is  governed  by  an  automatic 
arrangement  attached  to  the  eccentric  of  the  engine  driving  the  air 
pump,  so  as,  in  point  of  time,  to  pump  in  for  two  minutes  under 
pressure,  and  to  pump  out  for  three  minutes  under  vacuum;  each 
complete  operation  thus  taking  about  five  minutes. 

The  reason  for  keeping  the  retorts  at  one  temperature  is  to  overcome 
the  difficulties  attending  the  raising  and  lowering  by  alternately  using 
a  vacuum  and  a  pressure,  as,  in  practice,  nothing  that  could  be  devised 
would  withstand  the  movement  caused  by  alternately  raising  and 
lowering  the  temperature  two  or  three  hundred  degrees.  No  doubt, 
as  Mr.  Valon  says,  the  latter  is  the  ideal  way,  which,  in  practice, 
cannot  be  carried  out.  The  only  drawback  to  adopting  the  new  and 
practical  method  of  working  is  that,  while  as  much  oxygen  can  be  got 
out  in  the  same  given  time,  the  purity  cannot  be  maintained  at  as  high 
a  standard.  By  alternately  heating  and  cooling  it  is  possible  to  get 
95  per  cent,  of  purity  ;  with  the  pumps  about  88  per  cent. 

The  cost  of  the  oxygen  obtained,  including  interest  on  capital  for 
plant,  wear  and  tear^  and  all  manufacturing  expenses,  is  given  by 
Brings  Company  at  5s.  per  1000  cubic  feet. 

Other  Methods  of  Purification. — Continuous  purification,  like 
continuous  carbonization,  is  a  dream  of  both  chemists  and  gas  engi- 
neers which  has  not  yet  been  realized.  Various  attempts  have  been 
made  to  accomplish  it,  but  hitherto  without  success.  The  processes 
suggested  and  tried  are  full  of  interest,  and  it  is  worth  while  referring 
to  them. 

Mr.  B.  H.  Patterson  patented  a  process  of  purifying  by  washing 
or  scrubbing  the  gas  in  solutions  of  caustic  soda  and  sulphide  of 
sodium,  extracting  the  carbonic  acid  and  sulphur  impuritieSi  and  so 
dispensing  altogether  with  tbe  ordinary  lime  and  oxide  of  iron  puri- 
fiers. The  soda  solutions,  when  saturated  with  the  impurities,  possess 
the  important  quality  of  being  easily  and  perpetually  revivified  or 
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restored  to  their  original  state  on  the  gas-works,  whilst  the  whole  of 
the  sulphur  is  secured  for  sale.  The  plan,  however,  has  not  beeii 
tried  on  an  adequately  large  scale. 

Attempts  haye  been  made  by  Mr.  Laming,  Mr.  Livesey,  Mr.  F.  C. 
Hills,  and  others,  to  purify  the  gas  in  closed  yessels  by  employing  the 
ammonia  found  in  the  gas  for  arresting  the  other  impurities.  Unfor- 
tunately, the  loss  of  ammonia  at  each  time  of  desulphurating  the 
liquor,  owing  to  its  extreme  volatility,  prevented  success  in  this  direc- 
tion under  the  conditions  adopted. 

Clauses  Process. — This  process  of  continuous  purification  in  closed 
vesselSi  though  not  hitherto  practically  successful,  is  of  such  impor- 
tance and  promise  as  to  merit  a  detailed  description. 

The  crude  ammoniacal  liquor,  consisting  of  sulphide  of  ammonium 
and  carbonate  of  ammonia,  is  passed  through  a  series  of  towers, 
wherein  it  is  exposed  to  the  action  of  carbonic  acid  (obtained  as 
described  below),  whereby  the  sulphide  of  ammonium  is  decomposed, 
sulphuretted  hydrogen  being  liberated,  and  carbonate  of  ammonia 
remaining  alone. 

The  sulphuretted  hydrogen  passes  through  and  out  of  the  towers 
in  the  opposite  direction  to  that  in  which  the  crude  liquor  travels,  and 
is  disposed  of  in  the  manner  described  hereafter,  whilst  the  carbonate 
of  ammonia  solution  passes  forward  into  other  towers  in  which  it  is 
heated  to  a  temperature  of  180°  to  200^  Fahr. 

At  this  temperature  the  carbonate  of  ammonia,  of  a  strength  equa 
to  10  or  15  ounce  liquor,  loses  two-thirds  or  three-fourths  of  its  car- 
bonic acid,  and  a  corresponding  quantity  of  caustic  ammonia  remains 
in  the  liquor  passing  from  these  towers. 

As  only  a  portion  of  the  carbonic  acid  evolved  in  the  heating  vessel 
or  towers  is  required  for  the  above-mentioned  decomposition  of  sul- 
phide of  ammonium,  the  surplus  is  allowed  to  escape  in  a  regulated 
quantity,  and  may  be  used  for  other  purposes  forming  part  of  the 
process. 

The  sulphuretted  hydrogen,  after  leaving  the  towers,  is  conveyed 
to  a  closed  furnace  charged  with  oxide  of  iron,  where  a  low  incan- 
descent heat  is  generated  and  maintained  by  the  admission  of  a  regu- 
lated supply  of  air. 

The  oxide  of  iron,  once  heated,  continues  to  absorb  the  sulphuretted 
hydrogen,  which,  owing  to  the  continual  admission  of  air,  is  evolved 
in  the  form  of  sulphur,  in  finely-divided  particles,  which  is  carried  off 
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and  caught  in  chambers,  so  that  the  oxide  does  not  require  revivifi- 
cation, and  the  same  quantity,  kept  hot  by  continual  working,  goes  on 
indefinitely  decomposing  the  sulphuretted  hydrogen  sent  through  it. 
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Fig.  66. 
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The  purified  ammoniacal  liquor  is  then  passed  down  distilling 
towers,  into  which  steam  is  admitted,  driving  off  the  ammonia  gas 
at  the  top,  which  is  passed  through  cooling  chambers  in  which  any 
carbonate  of  ammonia  carried  with  it  deposits  in  crystals. 
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Thence,  as  much  of  the  ammonia  gas  as  is  required  for  the  pur- 
poses of  purification,  passes  with  the  coal  gas  into  a  chamber,  where 
they  are  allowed  sufficient  time  to  mix. 

The  gas  is  then  passed  through  scrubbing  towers,  where  all  the 
impurities  are  washed  out  in  the  liquor,  which  may  be  obtained  of  40 
to  50  oz.  strength  if  required. 

Any  surplus  ammonia,  being  perfectly  pure,  can  be  used  for  making 
any  of  the  salts  of  ammonia  desired. 

The  liquor  flowing  from  the  bottom  of  the  distilling  towers  contains 
sulphocyanide  of  ammonium,  and  may  be  used  oyer  and  over  again  in 
the  scrubbers  instead  of  water,  until  the  sulphocyanide  accumulates 
to  such  a  strength  as  to  make  it  marketably  valuable  for  chemical 
manufacture. 

Purifying  House* — The  hotse  to  contain  the  purifiers  should  be 
lofty  and  well-ventilated,  not  only  for  the  comfort  of  the  workmen  em- 
ployed therein,  but  to  lessen  or  entirely  remove  the  risk  of  explosion 
from  any  leakage  of  gas  that  might  occur.  The  house  should  also 
be  arranged  with  a  view  to  future  extension. 

It  is  a  convenient  plan  to  build  the  house  with  a  ground  and  upper 
floor,  and  to  place  the  purifying  vessels  on  the  latter  with  the  con- 
nections and  centre  or  other  valves  underneath  and  fully  exposed  and 
accessible.  The  ground  floor  can  thus  be  used  for  revivifying  the  oxide 
of  iron,  if  that  material  is  Employed,  or  for  other  purposes.  (Figs. 
68  to  68.) 

The  vessels  are  discharged  through  an  opening  in  the  bottom  of 
each,  closed  by  a  gas-tight  lid,  and  the  fresh  material  is  raised  by 
means  of  an  endless  chain  ladder,  or  other  suitable  elevating  appa- 
ratus, to  the  floor  above.    (Figs.  66  to  68.) 

Purifiers. — The  purifying  vessels  are  almost  invariably  made  of 
cast-iron,  with  sheet-iron  covers  secured  with  suitable  fastenings  to 
prevent  their  being  lifted  by  the  inflowing  gas  pressing  on  their  under 
surfeuse. 

Malam*s  arrangement  of  four  in  the  set,  with  connections  and  a 
centre- valve  (Fig.  69),  by  which  three  of  the  vessels  are  kept  in  action, 
and  one  out  of  use  for  renewal  of  the  purifying  material,  is  still 
generally  adopted,  and  is  the  simplest  and  most  convenient.  In  some 
works  a  second  set  of  two  purifiers  is  used  in  addition  to  the  series  of 
four,  and  these  are  connected  together,  and  to  the  others,  with  single 
or  four-way  valves.     (Fig.  69.)     Under  this  arrangement  the  set  of 
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four  is  oharged  with  oxide  to  arrest  the  sulphuretted  hydrogen,  and 
the  set  of  two  with  lime  to  take  up  the  carbonio  acid,  the  gas  passing 
through  them  in  the  order  shown. 

In  determining  the  size  of  purifiers,  where  either  dry  lime  or  oxide 
of  iron  is  intended  to  be  used,  it  is  of  the  utmost  importance  to 


provide  a  liberal  superficial  area,  and  to  make  ample  allowance  for 
increased  gas-make. 

One  of  the  greatest  sources  of  discomfort  to  a  gas  manager  is  having 
his  purifiers  so  cramped  and  confined  in  their  area  as  to  be  incapable 
of  doing  the  work  required  in  an  efficient  manner. 

The  ordinary  and  best  form  of  purifier  is  the  square  or  oblong ;  this 
shape  is  the  cheapest,  afibrds  the  largest  area  for  the  space  occupied 
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and  is  also  the  most  oonvenient  as  regards  the  placing  of  the  trays  or 
grids. 


Fig.  67. 


Fio.  68. 


The  usual  depth  of  purifiers  is  5  feet ;  in  some  large  gas-works  they 
are  6  feet  deep. 

Purifiers,  say,  20  feet  square  and  upwards,  should  have  two  or 
more  tie  rods  of  round  wrought-iron  stretching  across  them  from  side 
to  side,  at  the  upper  part  of  the  lute,  to  support  the  sides  under  the 
strain  to  which  they   are  often  subjected  by  the  expansion  of  the 
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oontained  oxide  of  iron,  especially  where  the  air  process,  previously 
described  (page  110),  is  in  operation.    These  ties  should  be  removable, 
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Fig.  69. 
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having  an  eyelet  hole  at  both  ends,  fitting  into  a  forked  piece,  abo 
furnished  with  eyelet  holes,  bolted  to  the  vertical  flanges,  and  secured 
by  an  easy  fitting  bolt  or  pin. 

The  capacity  or  purifying  power  of  the  vessels  is  determined  more  by 
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ttieir  superficial  area  than  their  cubical  volume.  There  is,  however,  a 
mutual  relation  between  the  two,  as,  when  the  depth  is  increased  and 
fully  utiUzed,  the  surface  area  has  to  be  proportionately  augmented, 
on  account  of  the  resistance  offered  by  the  deeper  material  to  the  flow 
of  the  gas.  It  is  more  strictly  correct,  then,  to  say  that  the  super- 
ficial area,  in  proportion  to  the  depth  of  the  purifying  material,  is  the 
gauge  of  the  capacity  or  purifying  power  of  the  vessels ;  and  the  maxi- 
mum hourly  or  daily  gas-make  of  which  the  works  are  capable  should 
form  the  basis  of  any  calculation  to  determine  their  size. 

One  of  the  chief  conditions  for  securing  satisfetctory  purification  is  the 
use  of  vessels  of  large  area.  If  economy  and  efficiency  are  to  be  con- 
sidered, time  is  an  important  element,  and  must  not  be  disregarded.  The 
mere  passing  of  the  gas  through  the  purifying  media  is  not  sufficient  in 
itself  to  insure  good  results  ;  time,  or  what  is  the  same  thing  in  this 
case,  lengthened  contact  is  required,  for  chemical  affinity  to  operate. 

Rule  tor  the  Size  of  Purifiers. — Where  there  is  intended  to  be 
four  purifiers,  three  always  in  action,  the  maximum  daily  (24  hours) 
make  of  gas,  expressed  in  thousands,  multiplied  by  the  constant  '6, 
will  give  the  superficial  area  in  feet  of  each  purifier. 

Example. — Required  the  superficial  area  of  each  of  the  four 
purifiers  in  a  works  equal  to  the  production  of  500,000  cubic  feet  of 
gas  per  diem  of  24  hours. 

600  X  *6  =  BOO  feet  superficial  area  of  each  purifier. 
V  800  =  17*8  (say,  18)  feet  side  of  square  of  purifier. 

For  very  small  works  where  there  is  no  exhauster,  the  constant  *8 
may  be  employed  with  advantage. 

Water  Lutes. — The  evils  of  contracted  area  in  purifiers  are  aggra- 
vated by  having  a  shallow  seal  to  the  lids  or  covers  and  the  hydraulic 
centre-valve — ^if  such  be  used. 

In  small  works  the  lute  should  never  be  less  than  12  inches  deep 
by  4^  inches  wide  ;  and  in  medium  sized  and  large  works,  from  18  to 
80  inches  in  depth  by  6  to  8  inches  in  width. 

Ample  depth  of  water  lute  is  especially  important  where  the  back 
pressure  is  increased  by  the  use  of  telescopic  holders. 

Layers  of  Purifying  Material. — In  purifiers  charged  with  hydrate 
of  Ume,  there  may  be  two  or  four  tiers  of  sieves.  The  lime  spread 
upon  their  surface  may  be  from  4  to  8  inches  in  depth. 

When  oxide  of  iron  is  used,  the  layers  may  be  two  in  number,  and 
the  material  15  to  20  inches  deep  on  each. 
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It  is  a  mistake  to  adopt  the  plan  of  placing  either  the  lime  or  oxide 
in  a  single  deep  layer.  The  gas  is  apt  to  form  passages  through  the 
deep  material;  whereas  when  there  are  two  or  more  layers  of  less 
depth,  it  recovers  itself  and  changes  its  coarse  through  each. 

Sieves,  Trays,  or  Grids. — Round  wrought-iron  rods,  f  of  an  inch 
thick,  bound  together  with  a  framing  of  angle  or  flat-iron,  make  an 
•excellent  tray,  especially  where  lime  is  used ;  they  are  less  suitable  for 
oxide  of  iron,  which  destroys  them  by  corrosion, 
though  when  made  of  the  strength  named,  they  last 
for  many  years.  They  possess  a  great  advantage 
over  most  other  trays  in  the  smaller  space  which  they 
occupy  in  the  purifier,  and  the  larger  purifying  area 
obtained  by  their  use.  Perforated  cast-iron  and  wood 
trays  are  suitable  for  either  lime  or  oxide.  The  latter 
are  usually  made  with  strips  of  wood  (yellow  pine, 
pitch  pine,  or  red  deal,  the  prices  being  as  8,  2,  1)  of 
any  convenient  length ;  the  strips  are  1^  inches  broad, 
\  an  inch  thick,  and  slightly  tapered,  the  outer  pieces 
of  frame  being  of  harder  timber  (hickory,  beech,  oak, 
or  ash),  and  1}  inches  thick ;  the  whole  bound  together 
with  f -inch  bolts  and  nuts,  having  the  heads,  washers, 
and  nuts  countersunk  in  the  side  frames,  and  the  holes 
pl^ged  with  wood  or  cement.  The  strips  are  kept 
\  an  inch  to  ^  of  an  inch  apart  by  pieces  of  wood  of 
that  thickness,  and  1^  inches  square,  put  between 
them  at  the  places  where  the  bolts  are  inserted 
(Fig.  70). 

Apparatus  tor  Raising  tlte  Lids  or  Covers. — For 
raising  the  Uds  or  covers  of  the  purifiers,  various  con- 
trivances are  employed;  the  most  common  being  a 
double  purchase  crab,  travelling  on  rails  laid  on 
either  wooden  beams  or  iron  lattice  girders,  having  their  ends  inserted 
in  the  walls  of  the  building ;  or  in  the  absence  of  walls,  supported  on 
pillars.  Another  arrangement  consists  of  a  traveller  extending  across 
the  purifying  house  from  wall  to  wall,  traversing  the  length  of  the 
house  on  rails  fixed  on  each  side  to  a  beam  or  girder  supported  by 
projecting  corbels.  On  this  again  there  is  a  lifting  crab  also  on  rails, 
and  the  gearing  of  both  crab  and  traveller  is  actuated  by  chains  from 
the  floor  of  the  house. 
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The  lifting  machine,  Bometimes  called  a  *'  Goliath  "  (Figa,  71  and 
72),  first  constructed  by  Messrs,  Cockey  and  Sons,  is  a  useful  and  com- 


Fig.  72. 
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pact  contrivance  for  tlia  same  purpose.  This 
consists  of  two  standanls,  one  on  each  side  of 
the  purifier,  connected  across  the  top  by  two 
girders  a  few  incbes  apart.  The  standards, 
having  grooved  or  flanged  wheels,  or  rollers 
attached,  traverse  the  purifying  houae  from 
one  end  to  the  other  on  raili^  laid  on  the  floor, 
The  covers  are  raised  bj  means  of  two  long 
vertical  screws,  with  un  eyelet-bole  at  tbe 
end  of  each,  in  wliich  the  hooks  on  tbe  bd 
are  inserted,   and  niovtinl   by    a    winch    and 
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cog-wheels  put  in  motion  by  means  of  a  handle  at  one  of  the  sides. 
When  the  apparatus  is  not  in  use,  it  can  be  wheeled  out  of  the  way, 
leaving  the  space  above  the  purifiers  to  the  tie-rods  or  beams  of  the 
roof  entirely  unobstructed.  A  somewhat  similar  traveller,  in  which 
hydraulic  power  is  applied  instead  of  the  wheel  gearing  and  screws,  is 
sometimes  employed  for  accomplishing  the  same  object. 

The  most  compact  and  efficient  lifting  arrangement  for  lids  of  large 
sise  is  that  of  the  direct  acting  hydraulic  ram,  the  head  of  which  is 
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attached  to  the  centre  of  the  lid,  and  on  the  application  of  water 
pressure  to  the  ram  by  means  of  a  hand  or  steam  pump,  the  lid  is 
raised  to  the  required  height.    (Fig.  78.) 

Centre  and  other  Change  Valves.— The  dry  centre-valve,  with 
surfeMse  faced  to  fit  gas-tight,  is  now  extensively  adopted,  and,  as  a 
rule,  is  preferred  to  the  old  hydraulic  centre-valve.  The  chief  advantages 
it  possesses  over  the  latter  are  the  greater  ease  and  facility  in  chang- 
ing from  one  purifier  to  another,  one  man  being  able  to  accomplish 
this  with  a  few  turns  of  a  handle,  thus  minimizing  to  the  utmost 
extent  the  passage  of  unpurified  gas  during  that  operation.  li 
occupies  less  space,  is  entirely  beneath  the  purifying-house  floor,  and 
presents  a  dead  resistance  to  pressure  admitting  of  greater  steadiness 
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Fig.  74. 


in  the  flow  of  the  gas  where  an  ex- 
hauster is  at  work.  But  it  has  its 
drawbacks.  In  the  larger  sizes 
especially  it  is  liable  to  lose  its 
tightness  on  the  slightest  disturb- 
ance of  the  foundation  either  by 
subsidence,  or  the  action  of  frost, 
and  even  by  the  weight  and  pressure 
of  the  connecting  pipes.  The  Week 
valve  (Figs.  74  and  76),  which  con- 
sists (for  a  set  of  four  purifiers)  of 
eight  valves  within  a  frame  or  box, 
is  both  handy  and  efficient,  and  for 
large  connecting  pipes  is  preferable 
to  the  foregoing. 

Four- way  valves  are  adopted  by 
some  managers  in  preference  to  the 
centre-valve,  their  chief  recommen- 
dation being  that  by  their  use  the 
connections  are  simplified.  The 
advantages  which  they  possess  over 
the  ordinary  single  valve  are  more 
apparent.  When  the  latter  are 
employed  twelve  are  needed  for  a  set  of  four  purifiers,  and  six  for  a  set 
of  two ;  whereas,  with  the  four- way  valves,  only  one-third  that  number 
is  required. 

Size  of  Connections. — With  respect  to  the  size  of  the  connecting- 
pipes,  the  rule  is  to  make  their  internal  diameter,  in  inches,  equal,  as 
nearly  as  possible,  to  the  square  root,  in  feet,  of  the  area  of  the 
purifiers. 

Thus,  purifiers  10  feet  square,  giving  an  area  of  100  square  feet, 
have  connecting-pipes  10  inches  in  diameter ;  and  purifiers  16  feet  by 
12  feet,  having  an  area  of  192  square  feet,  have  their  connecting-pipes 
14  inches  in  diameter.  With  the  larger  proportionate  sizes  of  purifiers 
now  being  employed  over  those  formerly  erected,  a  deduction  of  ^ 
may  safely  be  made  from  the  result  obtained  by  the  above  rule. 
Thus  (see  rule  on  p.  119),  a  works  capable  of  producing  500,000  cubic 
feet  of  gas  per  day  requires  four  purifiers,  having  each  an  area  of  800  * 
square  feet  [500  x '6 =800] ,  the  square  root  being  17*8];  deducting  J, 


Fig.  76. 
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or   2*2,   we  have  15*1,  or,  say   15   inches,  the  diameter   of  the 
connecting-pipes. 

CLASSIFICATION 

Of  ths  best  known  Limestones  of  this  Country ^  in  the  Order  of  their  Purity, 
and  which  Order  also  expresses  their  Value  Jor  the  purpose  of  Purify- 
ing Coal  Gas.     (Hughes,) 

1.  The  white  chalk  Hmestone  of  Merstham,  Dorking,  Charlton, 
Erith,  and  other  parts  of  the  chalk  range  surrounding  the  metropolis. 

2.  The  grey  chalk  limestone,  from  the  lower  beds  of  chalk. 
8.  The  blue  beds  of  the  upper  and  middle  Oolites. 

4.  The  lower  white  and  grey  limestones  of  the  Oolites. 

5.  The  most  calcareous  and  crystalline  beds  of  the  carboniferous  or 
mountain  limestone,  colours  grey  and  bluish. 

6.  The  magnesian  limestone  of  Yorkshire  and  Derbyshire. 

7.  The  white  lias  limestone. 

8.  The  blue  lias  limestone. 

9.  The  Silurian  limestone  of  Wenlock,  Dudley,  &c.,  and  the  coralline 
limestones  of  Plymouth  and  the  neighbourhood. 

TABLE 

Showing  the  Composition  of  Different  Limestones  and  their  Specific 
Charity.     (Qoveminent  Commission.) 


QoftUlyof  Limestone 

and 

Localily; 


^  r  Anoftster,  Lincolnshire 
I  jBath  Box,  WUtabire  . 
1  I  PortUnd,  Dorsetshire 
^  VEettOD,  Batlandsbire     .     . 
h^  (Baruaok,  Northamptonshire 

J  I  ^Cbilmark,  WUtshire  .     . 
m  (Ham  Hill,  Somersetshire 


Carbon- 

Carbon- 

Silica 

Iron 

Water 

ate  of 

ate  of 

Alomina 

and 

Lime. 

Magnesia.  (Flint.) 

(Clay.) 

Loss. 

93-59 

2-90 

•80 

2-71 

94-52 

2-60 

, , 

1'20 

1-78 

96-16 

1-20 

1-20 

•60 

1-94 

92-17 

4-10 

•90 

2-88 

98-40 

8-80 

•  • 

1-80 

1-60 

79-00 

3-70 

10-40 

2-00 

4-20 

79-80 

6-20 

4-70 

8-80 

2-60 

'I, 
II 


A  trace  of  bitnmen  was  observed  in  each  of  the  above. 

Bolsover,  Derbvsbire .  .  51-10  !  40*20        8-60 

Huddlestone,  Yorkshire  .  64-19  41-37  '  2*68 

Bodie  Abbey         do.  .  67-60  89-40  i     'eo 

Park  Nook  do.  .'  66-70  41-60  !     .. 


1-80 

3-80 

•80 

1-61 

•70 

1-60 

•40 

2-80 

Specific 
QraTity 
(Dry.) 


2^182 
1*889 
2-145 
2046 
2*090 
2*481 
2*260 


2-816 
2*147 
2184 
2-188 
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OtJier  Analyses. 


Quality  of  Limestone 

and 

IiooaUty. 


Carbon- 
ate of 
Lime. 


Denton,  near  York    .     .     .  68*0 

Eldon j  62*0 

AyclifFe *  46*9 

Portishead, near  Bristol.     .  68*6 

Foot  Miles  N.W.  of  Bristol.  680 


Carbon- 
ate  of 

Magnesia. 


SiUca 
(Flint) 


800 
46-2 
44-6 
87-6 
38-0 


1*6 


Iron 

Alomina 

(Clay.) 


2*26 

1*1 

1*67 

0-8 

11 


Water 

and 

Loss. 


0*26 

1*7 

2*8 

8*2 

1-4 


Analyst. 


Holme 
Davy 

do. 
Gilby 

do. 


Qoality  of  Limestone 

and 

LoeaUty. 


f  fMagneeian,o(  which  \ 
;;  I J  York  Minster  isj 
||l    buUt    .     .     .     J 

3^  (Carboniferous,         v 
^\    Whiteford,FUnt-l 
i    shire    .     .     .     .) 


Car- 
bonic 
Acid. 


47-00 


40-10 


Lime. 


88*24 


49*66 


Aln- 


8*80 


Silica. 


0*60 


Bi. 
tomen. 


0-60 


Water 
and 


0*26 


Lron 
and 
Clay. 


0-40 


Maff- 
neeia. 


19-86 


Lime  Burning. — This  subject  is  not  of  absorbing  interest  to  the 
gas  manager  in  this  country,  because  there  is  always  an  itbundant 
supply  of  lime  to  be  had  for  the  ordering  without  any  need  for  concern 
as  to  how  it  is  produced.  But  to  such  as  undertake  the  management 
of  gas-works  in  some  places  abroad,  it  is  desirable  that  they  should 
make  themselves  fiuniliar  with  a  process  which  they  may  have  ta 
practice  as  a  matter  of  necessity  or  for  the  sake  of  economy. 

Limestone  or  carbonate  of  lime,  in  some  form  or  other,  exists  in 
almost  every  part  of  the  globe,  from  the  fat  or  rich  qualities  down* 
to  the  lias  or  hydraulic  kinds.  These  latter  are  not  suitable  for  gas 
purification,  as  they  contain  an  excess  of  earthy  or  clayey  matter  in 
tiieir  composition. 

The  substance  existing  in  the  limestone  which  gives  it  its  peculiar 
character  of  hardness  and  durability,  inasmuch  that  it  resists  denuding 
atmospheric  influences  almost  as  effectuaUy  as  granite  and  more  so 
than  most  classes  of  sandstone — is  carbonic  acid  gas*  The  chemical 
formula  for  limestone  is  CaCOg.  The  object  of  burning  or  calcining 
the  limestone,  as  is  well  known,  is  to  expel  the  water,  which  is 
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mechanically  held  m  it,  and  the  carbonic  acid,  GO,.  The  quicklime  or 
oxide  of  calcium  being  left,  its  formula  is  therefore  GaO.  The  equa- 
tion representing  the  effects  of  the  process  of  calcination  is  GaGO,= 
OaO+GOa*  Guriously  enough,  the  water  which  is  present  in  ordinary 
limestone  when  it  is  first  broken  in  pieces,  and  not  dried  by  exposure 
to  the  air,  assists  the  calcination  of  the  material  by  promoting  the 
escape  of  the  carbonic  acid. 

The  crudest  method  of  burning  lime,  and  that  practised  by  half- 
civilized  peoples,  is  to  range  the  materials  on  the  ground  in  alternate 
layers  with  coal,  wood,  turf,  or  other  fuel,  surrounding  them  with  clay 
or  clods  of  earth  to  retain  the  heat ;  a  firehole  being  left  in  the  bottom, 
and  an  opening  made  in  the  apex  of  the  heap  to  allow  of  the  escape 
of  the  gas.  Fire  being  applied  to  the  fuel,  it  is  allowed  to  bum  itself 
out,  and  the  process  is  complete.  This,  as  might  be  supposed,  is  the 
least  economical  plan  to  adopt ;  the  quantity  of  fuel  required  bearing 
an  undue  proportion  to  the  bulk  of  lime  produced. 

Lime  kilns  are  constructed  in  various  forms ;  but  whatever  form 
they  take,  they  are  resolvable  into  two  classes — ^viz.,  tunnel  kilns  and 
flare  kilns ;  the  former  having  the  coal  or  other  fuel  and  limestone 
arranged  within  them  in  alternate  layers,  and  the  latter  being  fired 
without  allowing  the  fuel  to  come  in  contact  with  the  lime.  Either 
of  these  maybe  perpetual  or  draw  kilns — that  is  to  say,  they  may  be  kept 
•constantly  at  work  by  removing  the  calcined  lime  from  the  drawhole 
at  the  bottom,  and  adding  fresh  material  at  the  top ;  or  the  fiiel  may 
•be  fired,  and  the  charge  allowed  to  burn  itself  out,  and  become  cool 

before     discharg- 
ing the  hme. 

A  small  form 
of  tunnel  kiln  is 
shown  in  Figs. 
76  and  77.  The 
lining  is  of  fire- 
brick, 9  inches 
thick  throughout ; 
but  this  does  not 
always  extend  to 
the  top,  and  in 
some  examples 
the  lining  is  en- 
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Sbctioh. 
Pig.  77. 


tirelj  of  gritstone 
a  foot  thick.  Be- 
tween the  lining 
and  the  outer 
masonry,  a  cavity 
2  inches  wide  is 
left— being  filled 
in  with  ground 
stone,  ashes,  or 
other  yielding  ma- 
terial—  to  admit 
of  the  expansion 
of  the  lining  by 
the  heat  without 
rending  the  struc- 
ture. 


In  charging  the  kiln,  a  layer  of  brushwood  or  other  easily-igniting 
fuel,  is  placed  at  the  bottom  to  assist  the  kindling  of  the  coal  at  the 
beginning.  Then  comes  a  layer  of  coal  about  4  or  6  inches  thick. 
After  that  a  layer  of  limestone  12  to  16  inches  deep,  in  pieces  ranging 
in  weight  from  2  lbs.  to  20  lbs. ;  the  largest  being  placed  in  the  centre, 
and  so  on.  The  stratification  of  the  materials  in  alternate  layers  is 
continued  till  the  kiln  is  completely  filled,  when  the  fire  is  lighted,  and 
the  burning  or  calcining  process  is  begun.  In  the  perpetual  or  draw 
Mlns,  where  the  operation  is  carried  on  continuously,  so  long  as  the 
kiln  lasts,  the  burned  lime  is  raked  out  through  the  draw-hole  at  the 
bottom.  The  mass  gradually  subsides,  filling  up  the  void ;  and  fresh 
fuel  and  limestone  are  added  at  the  top. 

The  flare  kiln,  shown  in  Figs.  78  and  79,  is  the  more  cleanly  of  the 
two,  the  firing  substance  being  kept  apart  from  the  lime  ;  but  it  is  not 
as  efficient  and  certain  in  its  action  as  the  tunnel  kiln  where  the 
material  is  placed  in  alternate  layers. 

In  course  of  burning,  the  stone  is  heated  to  redness ;  and  when  the 
whole  of  the  carbonic  acid  has  been  expelled,  the  redness  disappears, 
and  the  quicklime,  or  oxide  of  calcium,  is  left  in  rich  white  floury 
lumps. 

The  proportion  of  coal  used  varies  according  to  the  obdurate  nature 
of  the  limestone.  In  some  instances  one  measure  of  coal  serves  for  four 
of  the  stone ;   but  in  others  it  takes  about  one  ton  of  coal  to  burn  two 
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tons  of  the  stone.  On  the  average,  three  bushels  of  lime  are  produced 
for  each  bushel  of  coal  consumed.  In  the  case  of  other  fuels :  a 
similar  weight  of  gas-works  coke,  mixed  with  one-fourth  small  coal,  is 
needed,  and  of  wood  and  turf  one  cubic  foot  of  limestone  requires  1^ 
cubic  feet  of  these  in  the  burning. 

The  product  known  as  '<  lime  ashes,'*  is  the  breeze  of  the  kiln,  and 
consists  of  small  and  dusty  lime  mixed  with  the  ashes  of  the  fuel. 

In  countries  possessing  a  scanty  supply  of  limestone,  calcareous 
spar  and  oyster  and  other  shells  found  on  the  sea  coast  are  calcined 
into  quicklime,  which  is  produced  as  a  fine  flour. 

It  only  remains  to  be  said  that  the  quicklime  on  its  removal  from 
the  kiln  is  stored  in  sheds  under  protection  from  the  weather.  On  its 
being  slacked  with  water,  it  evolves  much  heat,  crumbling  or  falling, 
and  becomes  hydrate  of  lime ;  its  formula  being  GaH^Oa,  in  which 
condition  it  is  ready  for  the  purifiers. 


THE  STATION  METER  and  OTHER  INDICATING 
AND  RECORDING  APPARATUS. 

!Fhe  most  important  of  the  recording  appliances  in  a  gas-works  is  the 
station  meter.  The  house  containing  this  should  be  conveniently 
situated  on  the  works,  and  made  sufficiently  large  to  contain,  IS 
possible,  in  addition  to  the  meters,  the  station  governors,  exhaust  and 
pressure  registers,  a  range  of  pressure  gauges,  and  a  jet  photometer. 
When  thus  arranged  they  are  all  within  the  purview,  and 
immediately  under  the  control,  of  the  workman  in  charge.  The 
meter  house  is  susceptible  of  ornamentation,  and  should  have  a  little 
bestowed  upon  it,  besides  being  kept  scrupulously  clean  and  well 
ventilated. 

Station  Meter. — The  quantity  of  gas  manufactured  as  it  passes 
into  the  holders  after  its  purification  has  been  completed,  is  measured 
and  recorded  by  the  station  meter. 

This  is  invariably  of  the  '<  wet  *'  description :  that  is  to  say,  the 
measuring  wheel  is  caused  to  revolve  by  the  elastic  force  of  the  gas 
pressing  upon  the  surface  of  a  body  of  water,  with  which  the  vessel  is 
charged  up  to  a  certain  line. 

In  construction  it  differs  slighUy  from  the  wet  meters  used  by  con- 
sumers, but  its  principle  of  action  is  identical  with  these. 
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Pressure  Gauges. — The  ordinary  pressure  gauge  (Figs.  82 
and  88)  has  its  tubes,  which  are  of  glass,  charged  with  water  to 
the  zero  line  on  the  ivory  or  boxwood  scale  between.  This  is 
graduated  into  inches  and  tenths.  It  is  made  of  any  length  as 
required,  and  the  scale  may  be  figured  either  in  inches  or  tenths  of 
an  inch,  as  shown. 


Fig.  82. 


Fig.  86. 


Fig.  84. 


On  the  gauge  being  attached  to  the  main  or  service  pipe,  either 
directly  or  by  means  of  a  short  connecting  tube,  the  difference  between 
the  two  water  levels  represents  the  gas  pressure  in  terms  of  a  column 
of  water. 

A  series  of  these  gauges,  to  indicate  the  pressure  existing  between 
the  different  apparatus  of  the  gas-works,  should  be  fixed  in  some  posi- 
tion convenient  for  frequent  inspection. 

King's  gauge  (Fig.  85)  is  constructed  on  the  same  principle  as  the 
above,  but  it  indicates  slighter  variations  of  pressure ;  the  finger 
having  a  long  sweep  for  small  differences  of  water  level,  and  the  dial 
being  graduated  into  finer  divisions. 

The  differential  gauge  (Fig.  84)  is  commonly  attached  to  the  inlet 
and  outlet  pipes  respectively,  of  station  meters  ;  the  indications  of  the 
instrument  being  the  difference  in  pressure  between  the  two,  showing 
the  pressure  absorbed  in  actuating  the  meter. 

(3oloured  water  for  pressure  gauges  is  made  by  infusing  a  little 
pounded  cochineal  in  hot  water.  It  is  then  filtered,  and  a  few  drops 
of  nitric  or  hydrochloric  acid  added,  to  prevent  the  bright  scarlet 
colour  from  fading. 
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The  glass  tubes  of  pressure  gauges,  when  foul,  may  be  cleansed  with 
a  weak  solution  of  sulphuric  acid  in  water. 

Pressure  and  Exhaust  Registers.— The  principle  of  action  of 
these  instruments  (Fig.  86),  invented  by  Crosley,  is  the  same  as  that 
of  the  foregoing,  but  they  are  made  to  record  as  well  as  indicate  the 
pressure  or  exhaust,  as  the  case  may  be. 


Pio.  86. 


Fig.  87. 


This  is  accomplished  by  means  of  a  float  in  water,  to  which  a 
vertical  spindle  is  attached,  having  a  lead  pencil  at  the  upper  end, 
pressing  upon  a  cylindrical  graduated  roll  of  paper  upon  a  drum, 
which  is  caused  to  revolve  by  clockwork  once  in  the  24  hours.  The 
paper  roll  is  renewed  daily. 

The  exhaust  register  is  connected  to  the  mains  on  the  works  at  a 
point  between  the  hydraulic  main  and  the  exhauster,  and  the  record 
shows,  whether,  in  the  absence  of  the  manager,  the  exhauster  has  been 
kept  working  with  regularity. 

The  pressure  register  is  attached  to  the  street  main  beyond  the 
governor,  and  records  the  various  pressures  maintained  therein  during 
the  day  and  night. 


-J 


134 


NEWBIGGING'S   HANDBOOK   FOB 


The  difference  between  the  exhaust  and  pressure  registers  is  simply 
one  of  detail  in  construction  :  the  zero  line  in  the  former  being  placed 
midway  on  the  scale,  and  the  spindle  lengthened  to  correspond,  whilst 
the  area  of  the  float  is  also  increased.  In  the  latter  the  zero  lin& 
is  at  the  bottom. 

Wright's  pressure  register  (Fig.  87)  is  a  combination  of  the  King's 
gauge,  with  a  time-piece  having  a  circular  plate  and  paper  disc 
instead  of  a  dial.  The  24  hours  are  printed  on  the  disc,  and  a 
pencil  at  the  end  of  a  rod  actuated  by  the  float,  pressing  upon  this, 
records  the  varying  pressures. 

Mr.  W*  H.  Cowan  has  invented  a  neat  and  compact  instrument 
which  records  the  pressures  by  photography  upon  sensitized  sheets  on 
the  revolving  cylinder,  instead  of  by  the  markings  of  the  usual  lead 
pencil. 


THE  GASHOLDER  TANK. 

The  tank  is  that  portion  of  the  storage  reservoir  for  gas  which  con- 
tains the  water  in  which  the  floating  vessel  or  holder  rises  and 
descends.     (Figs.  88,  89,  90.) 

Oround  ^iifvm,, ^  _  ■^»-»»-.^j  —  i»  ^  —  ■^■-■>^.>u*^  line. 


'   Fio.  90. 


It  may  be  constructed  either  wholly  or  partially  under  the  ground 
level,  or  (as  in  the  case  of  iron  tanks)  entirely  above  ground  (Fig.  89). 
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The  first  thing  to  be  done,  in  determining  the  site  of  a  tank, 
is  to  sink  a  well  or  shaft  in  the  yicinitj,  or  to  make  a  number  of 
borings  on  or  near  to  the  site,  in  order  to  ascertain  the  character  of 
the  strata  in  which  the  excavation  for  the  proposed  tank  has  to  be 
made.  If  the  ground  in  the  immediate  neighbourhood  is  dear  of  other 
tanks  or  buildings,  it  is  not  a  matter  of  serious  concern  to  find  that  a 
bed  of  sand,  full  of  water,  has  to  be  encountered.  To  overcome  a 
difficulty  of  that  kind  in  such  circumstances,  is  chiefly  a  question  of 
pumping  power.  Piling  also  might  be  resorted  to,  and  the  free  use  of 
concrete,  in  case  there  is  a  possibility  of  the  water  being  removed  by 
pumping  from  underneath  the  tank  at  any  future  time.  But,  on  the 
other  handy  if  there  are  adjacent  structures  which  it  is  unwise  to  run 
the  risk  of  damaging,  then  it  is  well  to  be  chary  about  pumping  the 
water  from  the  underlying  sand  and  gravel.  In  such  event,  it  is 
almost  a  matter  of  certainty  that  the  removal  of  the  water,  accom- 
panied also  by  the  removal  of  a  large  proportion  of  the  sand  along 
with  it,  would  cause  subsidence  of  the  ground  in  the  vicinity,  with 
consequent,  and  possibly  irreparable,  damage  to  the  structures  upon  it. 
The  safer  and  more  prudent  thing  to  do  in  such  a  case  is  either  to 
abandon  the  site  for  another ;  or,  if  that  cannot  well  be  done,  to  con- 
struct the  tank  either  whoUy  or  partially  above-ground,  and  of  cast  or 
wrought-iron  plates. 

Assuming  that  the  site  for  a  gasholder  tank  has  been  finally  settled ; 
that  it  has  been  decided  the  tank  shall  be  constructed  of  masonry 
(which  term  includes  stone,  brick  and  concrete,  or  a  combination  of 
these) ;  that  it  has  been  ascertained  by  boring  that  water  is  present 
in  objectionable  abundance  in  the  substrata  to  be  pierced — the  first 
thing  to  be  done  is  to  sink  a  well  or  sump,  8  to  4  feet  in  diameter, 
at  a  convenient  distance  from  the  circumference  of  the  proposed 
excavation.  This  should  be  lined  with  open  unmortared  brickwork 
(technically  called  *'  steining  "),  to  allow  of  the  free  percolation  of  the 
water  into  the  sump  or  well  through  the  joints  of  the  lining.  Into 
this,  when  the  sinker  has  reached  the  water-bearing  strata,  he  conveys 
the  suction-pipe  of  the  pump,  puts  the  latter  in  operation,  and  clears 
out  the  inflowing  water  to  enable  him  to  proceed  with  his  work.  This 
well  is  carried  down  to  a  depth  of  8  to  5  feet  (depending  on  the 
volume  of  water  present),  below  the  bottom  of  the  intended  excava- 
tion, and  is  then  paved  with  bricks  set  in  cement.  If  the  strata  are  of 
uniformly  open  character — consisting,  say,  of  a  mixture  of  gravel  and 
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sand — one  sump  will  be  sufficient  to  dear  the  ground  of  water ;  other- 
wise, if  it  is  not  uniform,  but  barred  by  intervening  clayey  deposits 
(not  an  unusual  thing),  and  even  by  solid-bedded  sand — for  this 
sometimes  is  almost  as  impervious  as  clay — ^it  may  be  necessary  to 
drain  the  water  to  the  sump,  or  even  to  put  down  two  or  more  sumps 
outside  the  ground  operated  on.  Duplicate  pumps  should  be  provided 
where  the  inflow  of  water  is  very  great.  With  these  arrangements 
completed,  the  work  of  excavating  and  building  can  be  proceeded  with 
unhindered  by  the  presence  of  any  undue  amount  of  water. 

In  the  course  of  practice,  the  excavation  for  a  tank  of  which  the 
writer  was  engineer  was  chiefly  through  hard  sand-stone  rock,  the 
layers  of  which  had  been  tilted  up  into  almost  the  vertical  position. 
This  was  fissured  and  cracked  in  all  directions ;  and  through  the 
crannies,  water  bubbled  up  in  numberless  springs.  Although  one 
side  of  the  adjacent  ground  was  at  a  lower  level  than  the  tank  bottom, 
it  was  impossible,  by  any  reasonable  expedient,  to  draw  off  the  water 
from  the  outside.  Possibly,  by  sinking  a  shaft  to  a  considerable  depth, 
it  might  have  been  accomplished.  But  considering  the  nature  of  the 
strata,  that  would  have  been  costly  ;  so  other  means  were  resorted  to 
to  overcome  the  difficulty.  It  is  not  an  easy  thing — in  many  oases  it 
may  be  pronounced  to  be  impossible — to  choke  out  water  from  a  tank 
from  the  inside.  In  puddling  the  bottom  of  the  tank  in  question,  and 
covering  the  puddle  with  a  bed  or  layer  of  concrete,  the  springs  were 
by  no  means  closed ;  and  though  they  were  reduced  in  number,  the 
flow  of  water  was  still  quite  as  plentiM  as  before.  Assuming  that  the 
pressure  in  these  springs  was  sufficiently  great  to  have  overcome  the 
pressure  of  the  head  of  water  in  the  tank  when  the  latter  was  full, 
there  would  have  been  no  objection  to  leaving  them  to  flow 
unhindered.  But  that  was  a  risk  which  it  was  not  prudent  to  run. 
The  head  of  water  in  the  tank  would  probably  have  more  than  counter- 
balanced the  pressure  of  the  springs  ;  and  where  water  can  enter,  it 
can  as  easily  make  its  exit.  The  plan  which  in  this  case  was  adopted 
for  making  the  tank  water-tight,  was  to  train  or  drain  the  different 
streams  of  inflowing  water  to  one  point  by  cutting  a  trench  round  the 
side  of  the  bottom  where  the  springs  occurred,  and  laying  therein 
strong  d-inch  drain  pipes,  which  in  turn  were  carefully  protected  by  a 
covering  of  strong  concrete.  The  springs  usually  occur  at,  or  near  to, 
the  base  of  the  mound  or  dumpling  left  in  the  tank  bottom ;  so  that  it 
is  easy  to  gather  them  together  by  a  drain  and  convey  the  water  all  to 
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one  convenient  point.  There  was  now  only  one  stream  of  inflowing 
water  to  deal  with ;  and  at  this  point  was  placed  a  8-inch  cast-iron 
stand-pipe,  8  feet  in  length,  closed  by  a  valve  at  its  upper  end,  and 
the  flanged  foot  secured  by  four  Lewis  bolts  let  into  a  base-stone 
18  inches  square  and  9  inches  thick,  through  the  centre  of  which  a 
hole  was  drilled.  This  stone  was  let  into  the  floor  slightly  below  the 
level  of  the  concrete  surface ;  and  a  cavity  was  left  underneath  it. 
From  this  stand-pipe,  the  inflowing  water  was  pumped  to  relieve  the 
pressure  on  the  bottom  till  the  cement  in  which  the  stone  was  bedded 
had  set  hard.  It  should  be  mentioned  that,  in  the  side  of  the  stand-pipe, 
■at  distances  of  9  inches  apart,  there  were  three  f -inch  holes  drilled. 
These  were  left  open,  to  allow  the  water  to  issue  from  them  without 
rising  to  the  top.  As  the  filling  of  the  tank  proceeded,  these  holes 
were  each  carefully  plugged  as  the  water  rose  above  them ;  then  the 
valve  on  the  upper  end  of  the  stand-pipe  being  closed,  the  filling  with 
water  was  completed — the  tank  proving  to  be  perfectly  water-tight. 

Another  method  sometimes  'adopted,  instead  of  using  a  stand*pipe 
as  described,  is  to  carry  the  drain  right  through  the  tank  wall  at  its 
base,  thus  making  an  outside  exit  for  the  water.  The  stand-pipe,  how- 
ever, is  preferable  as  being  more  self-contained  and  certain  in  its 
action.  It  sometimes  happens  that,  without  previous  indication  of  its 
presence,  the  pressure  of  surrounding  water  will,  in  the  course  of  con- 
struction, blow  a  hole  or  holes  in  the  tank  bottom.  If  so,  the  best 
thing  is  to  let  it  blow ;  let  it  have  free  vent  until  all  is  completed  and 
the  tank  ready  for  water,  then  apply  the  stand-pipe  as  described. 

In  another  instance,  the  hue  of  circumference  of  a  tank  came  close 
up  to  the  side  of  a  retaining  wall  bounding  a  considerable  stream.  In 
this  case,  the  excavation  having  to  be  carried  close  up  to  the  wall,  thelaUer 
was  laid  bare  for  about  80  feet  of  its  length  ;  and  as  the  cutting  had 
to  be  taken  about  6  feet  below  the  level  of  the  water  in  the  stream,  the 
rush  of  water  through  the  interstices  of  the  wall  would  have  been 
fatal  to  the  operations.  Accordingly,  to  shut  out  the  water,  a  wall  of 
wooden  sheet-piling  was  constructed — a  cofferdam,  in  fact— 60  feet  in 
length  ;  and  the  wooden  piles  forming  one  side  of  it  were  shod  with 
iron,  and  driven  (most  of  them)  12  feet  into  the  bed  of  the  stream. 
They  were  then  bound  together  at  their  upper  ends  by  a  horizontal  beam 
bolted  thereto,  and  anchored  at  distances  10  feet  apart  with  long  bolts 
passing  through  the  retaining  wall.  The  space  between  the  piling  and 
the  stone  wall  was  two  feet  in  width,  and  was  hand-dredged  to  a  deptl) 
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of  ten  feet  below  the  water  level.  This  space  was  carefully  filled  in 
to  above  the  stream  level  with  stiff  clay  paddle,  well  rammed  down. 
The  work  was  eminently  successfol ;  and  it  was  found  an  easy  matter 
to  cope  with  any  water  from  the  stream  that  reached  the  excavation, 
either  from  beneath  or  from  beyond  the  two  ends  of  the  ooffiordam. 

The  presence  of  water  in  an  excavation  is  not  always  objectionable,, 
unless  it  be  excessive  in  volume.  For  example,  in  excavatmg  through 
stiff  day,  it  renders  the  work  of  the  labourer  much  easier  than  if  the 
ground  is  dry  and  hard*  Those  who  have  had  experience  in  shifting- 
boulder  day,  will  readily  endorse  this  view.  Strata  of  this  character 
are  often  so  hard  and  parched  and  intractable  as  to  require  blasting  to 
facilitate  removal. 

Avoid  puddling  a  tank-bottom  in  wet  weather,  espedally  if  the 
bottom  is  in  the  form  of  a  mound  or  cone.  Uniformity  of  consistence 
in  the  puddle  is  of  more  importance  here  than  against  the  outside  of 
the  walls,  for  the  obvious  reason  that  the  bottom  has  to  bear  the  pres- 
sure of  the  water  when  the  tank  is  filled.  If  one  portion  is  well  con- 
solidated and  film  and  another  soft  and  yielding,  the  concrete  covering- 
is  liable  to  crack  and  split  open,  owing  to  the  unequal  sustenance.  It 
is  almost  impossible  to  preserve  this  necessary  uniformity  with  water 
coursing  down  the  slope  of  the  mound ;  the  puddle  becoming  sodden 
and  doppy.  The  fact  that  equal  sustenance  is  of  such  importance, 
also  proves  the  necessity  of  having  the  clay  covering  on  the  bottom  of 
one  uniform  thickness  all  over.  Even  the  deeper  excavation  made  to- 
recdve  the  horizontal  portions  of  the  inlet  and  outlet  pipes  should 
have  a  solid  concrete  filling,  aUowing  for  just  a  like  thickness  of  puddle 
above  them  as  over  the  other  parts  of  the  apron  and  cone. 

It  is  not  a  wise  thing  to  test  the  tightness  of  a  tank  with  water  im- 
mediatdy  on  completion.  Better  wait  till  the  holder  is  finished,  in 
order  to  give  the  puddle  and  cement  time  to  set  before  subjecting  them 
to  the  heavy  pressure  of  water.  We  have  known  several  instances  of 
the  splitting  of  tanks  due  to  this  premature  filling  with  water.  Fur- 
ther, before  filling  a  tank  with  water  for  the  first  time,  the  puddle  and 
backing  behind  the  wall  should  be  carefully  watered — by  means  of  a 
hose-pipe,  if  possible — for  several  days  before  the  filling  is  begun,  and 
also  during  its  progress*    This  promotes  consolidation  of  the  backing. 

In  excavated  tanks,  wherever  the  substratum  is  favourable,  it'  i» 
economical  to  ^leave  a  circular  or  conical  mound  in  the  centre.  This 
is  called  the  "  dumpling  "  or  "  cone  "  (Fig.  88). 
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Tanks  are  oooasionally  fonned  by  making  a  circular  catting  in  the 
ground,  and  erecting  therein  an  iron  or  brick  annular  channel  to  con- 
tain the  water,  the  intervening  central  space  being  also  covered  with 
water,  bat  of  a  less  depth,  depending  on  the  extent  to  which  the  sab- 
soil  has  been  removed.  This  central  space  requires  to  be  covered  with 
a  layer  of  concrete,  and  the  surface  rendered  with  Portland  cement. 
These  are  called  annular  tanks.    See  Fig.  90. 

Bxcavatiaa  tor  Tank. — The  width  of  the  excavation  for  a  tank 
depends  on  the  nature  of  the  substrata  encountered,  whether  clay, 
shale,  gravel,  sand,  &c.,  unless  a  complete  system  of  close-shoring  by 
means  of  timber  all  round  is  adopted.  The  best  method  is  to  sink  a 
trench  12  feet  wide  all  round  the  circumference,  and  close-timber  both 
sides  of  the  excavation.  Where  the  ground  is  yielding  and  soft,  or 
saturated  with  water,  the  vertical  shoring-timbers  may  be  7  inches 
wide  and  8  inches  thick;  the  waling  pieces  double,  and  8  feet  apari, 
11  inches  by  8  inches,  and  the  struts  9  inches  by  6  inches,  in  cross 
section.    This  will  afford  substantial  support. 

Natural  Slope  or  Angle  of  Bepose  of  Eartlis 

with  Horizontal  Line. 

(Fig.  91.) 

Sand,  dry       .         .    average  87°  or  1-88  to  1 
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Sand,  dry  . 
Sand,  damp 
Shingle  and  gravel 
Clay. 
Mud. 


Sand,  damp   . 
Shingle  and  gravel . 
Clay,  drained  • 
Clay,  wet 
Earth,  compact 
Peat  or  vegetable  earth 

Weight  of  ranoue  Earths  and  Rocks, 
Per  Cubic  Yard, 


21° 
40° 
45° 
16° 

48° 


2-68 

1-2 

10 

8-8 

0-9 

1-89 
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1 
1 

1 
1 
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about  2480  lbs. 

„     8200    „ 

2850    „ 

8240    „ 

2700    „ 


Marl 

Shale 

Chalk 

Sandstone 

Slate 


Per  Cubic  Yard, 
about  2900  lbs. 
,.    4870    „ 
„     4000    „ 
„     4250    „ 
„     4860    ., 


Materials  of  which  Tattles  are  Cottstructed. — Tanks  are  con- 
structed of  stone  (either  built  up,  or  excavated  from  the  solid  rock) 
brick,  concrete,  cast  or  wrought  iron,  or  a  combination  of  iron  with 
the  other  materials. 
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The  kind  of  material  employed  is  regulated,  as  a  role,  by  the 
character  of  the  district  where  the  gas-works  are  situated,  and  the 
nature  of  the  ground  whereon  the  erection  is  to  be.  If  the  neighbour- 
hood abounds  in  stone,  the  probability  is  that  that  will  be  the  cheapest, 
and  will  consequently  be  adopted  in  the  construction  of  the  tank.  But 
even  in  districts  where  stone  is  plentiful,  if  this  is  of  a  hard  nature, 
the  expense  of  dressing  is  such  as  to  make  the  tank  more  costly  than 
if  built  of  bricks,  though  the  latter  may  have  to  be  brought  from  a 
-distance.  In  places  distant  from  a  supply  of  building  material,  and  to 
which  the  latter  has  to  be  brought  by  conveyance,  brick  will  generally 
be  chosen  as  the  most  suitable. 

On  the  other  hand,  where  the  ground  is  of  such  a  character  as  would 
entail  an  extraordinary  outlay  in  securing  a  good  foundation,  or  where 
it  is  unsafe  for  a  brick  or  stone  structure ;  or,  again,  where  the  sinking 
of  a  tank  is  almost  impossible,  owing  to  the  presence  of  a  large  body 
of  inflowing  water  through  the  strata,  as  by  the  sea-side,  or  contiguous 
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to  some  rivers,  the  best  class  of  tank  to  be  adopted  is  one  made  either 
of  cast  or  wrought  iron,  or  steel  plates  bolted  or  riveted  together,  the 
cast-iron  plate  joints  being  either  planed  or  made  water-tight  with  rust 
cement.  It  is  only  under  such  circumstances  that  iron  tanks  are 
adopted,  as  their  cost  is  greater  than  either  brick  or  stone,  and  the 
erection  of  a  tank  above  ground  is  disadvantageous  in  several  respects. 

It  may  happen  that  the  ground  is  of  such  a  nature  as  to  render  the 
construction  even  of  an  iron  tank  upon  it  unsafe  ;  or  there  may  be  a 
slope  or  embankment  in  dangerous  proximity.  In  such  cases  recourse 
may  be  had  to  piling  to  give  it  solidity  and  prevent  movement. 

In  the  construction  of  a  tank  the  use  of  a  trammel  to  insure  accuracy 
in  the  circle  is  indispensable.  In  Fig.  92  is  shown  a  convenient  form 
of  this  apparatus. 
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When  the  tank  is  of  large  diameter,  say  140  feet  and  above,  the 
movable  arm  of  the  trammel  is  necessarily  long  and  heavy,  and  in  such 
case  the  centre  post  may  be  a  steel  lattice  girder  stayed  with  wire  guy 
ropes.  The  apparatus  should  remain  in  position  and  use  until  the 
tank  coping  is  fixed.  In  addition  to  the  trammel,  wood  templates 
16  feet  long,  made  to  the  proper  curve  on  their  outer  edge,  should  be 
provided  and  frequently  applied  to  the  surface  of  the  wall  as  it  rises. 

Masonry  tanks,  being  porous,  are  generally  built  with  a  backing  of 
clay  puddle  behind  the  walls  and  in  the  bottom  ;  but  the  puddle  can  be 
dispensed  with  by  lining  the  tank  with  a  coat  of  neat  Portland  cement 
about  1  inch  in  thickness.  Mortar  composed  of  cement  and  clean  sharp- 
sand  in  equal  proportions  by  measure,  makes  a  water-tight  lining, 
provided  it  is  carefully  polished  to  a  smooth  face  with  a  steel  trowel. 

A  lining  of  4^-inch  brickwork,  with  a  space  between  the' tank  wall 
and  the  lining,  1  inch  wide,  filled  with  neat  cement  or  asphalte,  is  also 
occasionally  adopted. 

The  walls  of  a  tank  so  treated,  being  impervious  to  water,  require  to 
be  made  somewhat  stronger,  and  the  backing  more  carefully  consoli- 
dated, than  where  puddle  is  employed,  because  there  is  no  fluid  pressure 
outside  to  balance  the  fluid  pressure  within  the  tank. 

The  weakest  part  of  a  masonry  tank,  as  usually  constructed,  ia 
that  where  the  inlet  and  outlet  pipes  pass  through  the  wall  at  the 
bottom.     The  instances  of  failure  here  are  so  numerous  as  to  justify 
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Fig.  94. 


the  plan,  sometimes  adopted,  of  placing  the  pipes  in  a  recess  built  in 
the  tank  wall.  The  objection  to  this  recess  is  that  it  breaks  the  circle 
of  the  wall,  and  consequently  weakens  its  power  of  resistance  to  out- 
side pressure  ;  but  continuity  of  the  circle  can  be  secured  by  strutting 
the  opening  with  cast-iron  struts  as  in  Fig.  98. 

Or  the  pipes  can  be  made  square  in  section,  and  built  in  with  the 
wall,  as  in  Fig.  94. 
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When  a  briok  or  stone  tank  built  in  blue  lias  lime  mortar  is  of  large 
dimensions,  the  walls  may  be  strengthened  at  intervals  of  2  or  8  feet 
apart,  by  rings  2  or  8  feet  in  width,  of  the  brick  or  stone  laid  in 
Portland  cement  mortar. 

Hoop-iron,  or  flat  wrought-iron  rings,  built  at  intervals  into  the 
masonry  or  concrete,  are  occasionally  used  for  giving  strength  to  the 
walls  of  a  tank.  When  the  diameter  is  great,  and  particularly  in  tanks 
where  no  puddle  is  employed,  flat  bar-iron  hoops,  braced  or  tightened 
by  screws  or  cotters,  are  also  sometimes  placed  round  the  outside. 

When  from  any  cause  it  is  found  impracticable  or  undesirable  to 
construct  a  masonry  tank,  whether  of  stone,  brick,  or  concrete,  with 
its  coping  on  a  level  with  the  adjacent  ground,  circumstances  may 
require  that  the  raised  portion  of  the  wsdl  should  be  strengthened, 
in  addition  to  the  support  given  by  the  earth  backing,  either  by  flat 
wrought-iron  or  steel  rings  built  into  it,  or  by  outside  wrought-iron  or 
steel  hoops.  One  such  ring  or  hoop  will  suffice  for  every  4  feet  in 
height  of  the  tank  wall  above  the  natural  ground  level.  The  strength 
of  the  iron  will,  of  course,  be  determined  by  the  dimensions  of  the 
tank ;  but  it  may  be  stated,  by  way  of  guidance,  that  for  a  tank  of  102 
feet  in  diameter,  the  iron  should  be  5  inches  wide  and  f  of  an  inch 
thick.  The  flat  ring  is  made  continuous  throughout  the  circle  by 
riveting,  and  the  hoop  by  screw-bolts  or  cotters. 

The  bricks  used  in  building  a  tank  should  be  thoroughly  well  wetted 
before  being  laid,  to  cause  the  mortar  to  adhere. 

In  time  of  severe  frost  all  brick  and  stone  work  should  cease. 

To  prevent  injury  in  time  of  rain,  and  especially  in  winter,  when  a 
sudden  frost  might  supervene,  the  top  of  the  new  walling  should  be 
covered  with  weather  boards. 

Cojicrete, 
Blue  lias  lime  concrete  (for  foundations) —  ^y  meagure. 

Gravel,  shingle,  broken  stone,  bricks,  or  old  retorts, 

1^  to  2  inches  cube 6  parts. 

Clean  sharp  sand 2  parts. 

Blue  lias  or  other  hydrauhc  lime 1  part. 

Portland  cement  concrete  (for  tank  walls) — 

Gravel,  shingle,  broken  stone,  bricks,  or  old  retorts, 
1^  inches  cube 7  parts. 

Clean  sharp  sand 2  parts. 

Portland  cement 1  part. 
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Mr.  J.  Douglas  gives  the  following  useful  instructions  for  mixing  or 
preparing  the  concrete : — <'  A  platform,  about  20  feet  square*  of  deals, 
should  be  laid  on  the  ground  to  ensure  the  clean  mixing  of  the 
materials.  The  measure  for  the  material  is  simply  a  square  box  with- 
out top  or  bottom,  and  should  contain,  as  a  convenient  quantity,  about 
half  a  yard.  It  should  be  twice  as  many  inches  deep  as  the  propor- 
tions of  cement  and  ballast.  For  instance,  if  the  cement  is  1  in  8,  it 
should  be  16  inches  deep.  Inside,  at  2  inches  from  the  top,  nail  a 
lath  all  the  way  round ;  and  after  placing  the  measure  at  one  end  of 
the  platform,  fill  the  box  with  shingle  or  ballast  to  the  level  of  the 
lath,  and  complete  with  cement,  striking  the  cement  level  vnUi  a 
«traight-edge.  The  box  measure  can  then  be  lifted  up  and  removed, 
when  the  cement  will  fall  down  over  and  among  the  aggregate,  and  the 
whole  mass  should  be  twice  turned  over  dry.  Water  can  then  be  added 
through  a  rose,  and  the  whole  turned  twice  over  again.  As  little 
water  should  be  added  as  possible,  but  enough  to  thoroughly  moisten 
the  whole  mass.  The  concrete  is  then  fit  for  use.  In  dry  weather  it 
is  necessary  to  keep  the  work  damp,  as,  if  there  is  not  sufficient  water 
to  enable  the  cement  to  set — about  11^  per  cent. — the  concrete  will 
be  useless.  It  is  also  important  to  thoroughly  wet  the  previous  work 
on  which  the  fresh  concrete  is  to  be  laid." 

Concrete  is  best  placed  in  position  from  barrows  wheeled  close  up ; 
it  should  then  be  well  and  solidly  rammed  down.  To  tip  it  from  a 
height  (as  was  formerly  the  practice)  is  objectionable,  as  tending  to 
disintegrate  the  ingredients  of  which  it  is  composed. 

The  Kind  of  Mortar  Employed. — In  the  construction  of  brick  or 
stone  tanks,  hydraulic  mortar  or  cement  mortar,  either  one  or  the  other, 
or  both,  is  invariably  used.    The  following  is  their  composition : — 

Hydraulic  Mortar, 

Byxnaasnre. 

Best  blue  lias  lime 1  part. 

Clean  sharp  river  sand      ....  2  parts. 

or, 

Best  blue  lias  lime 1  part. 

Burnt  clay 2^  parts. 

or, 

Best  blue  lias  litne  .         ....  l-part. 

Puzzolana      ......  1  part. 

Clean  sharp  sand 6  parts. 
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Cement  Mortar, 

Cement,  Portland 1  part. 

Clean,  sharp  sand 8  parts. 

The  Ume  should  be  fresh  burnt,  and  not  more  than  sufficient  of  the 
mortar  for  a  day's  work  prepared  at  once.  The  cement  mortar  should 
only  be  made  as  it  is  being  used. 

The  characteristios  of  good  Portland  cement  are  thus  succinctly 
stated  by  Mr.  Faija : — **  In  colour  it  should  be  of  a  dull,  bluish  grey  ; 
and  should  have  a  clear,  sharp,  almost  floury  feel  in  the  hand ;  it 
should  weigh  from  112  lbs.  to  118  lbs.  per  striked  bushel  (87  to  92 
lbs.  per  cubic  foot),  and  when  moulded  into  a  briquette,  or  small 
testing-block,  and  soaked  in  water  for  seven  days,  should  be  capable 
of  resisting  a  tensile  strain  of  from  800  to  400  lbs.  per  square  inch. 
The  cement  should,  during  the  process  of  setting,  shaw  neither  expan- 
sion  nor  contraction." 

Puddle. — For  puddle,  clay  mixed  with  one-third  sand,  silt,  or  soil 
free  from  vegetable  fibre,  is  preferable  to  pure  clay,  being  firmer  in 
texture,  and  less  liable  to  crack  when  dry.  It  should  be  prepared  out- 
side of  the  trench,  put  in  in  thin  layers  as  the  wall  of  the  tank  is 
built,  kept  moistened,  trodden  well  in  with  the  feet,  and  backed  up 
with  earth  carefully  pounded.  A  cubic  yard  of  puddle  weighs  about 
two  tons. 

iroa  Tanks. — In  cast-iron  tanks  the  flanges  of  the  bottom  plates 
should  always  be  innde;  whilst  those  for  the  sides  may  be  outside^  and 
the  plates  should  break  joint  with  each  other  throughout. 

Iron  piers,  or  piers  of  brick,  stone,  or  concrete,  are  erected  at  equal 
distances  apart  round  the  outside  of  iron  tanks,  for  the  purpose  of 
supporting  the  gasholder  columns  or  standards.  If  the  tank  is  of 
small  dimensions,  the  standards  may  be  bolted  to  strong  brackets 
secured  to  the  upper  tier  of  side  plates. 

Leakages  of  water  from  iron  tanks  may  often  be  greatly  reduced  or 
altogether  stopped  by  emptying  a  bushel  or  two  of  horse  dung  into  the 
wat^  contiguous  to  the  escape.  A  handful  of  fine  iron  filings  sprinkled 
lightly  over  the  dung  will  be  found  of  advantage.  By  this  simple 
expedient,  very  heavy  escapes  have  frequently  been  reduced  to  a  mere 
drip  within  the  space  of  a  few  minutes. 

Dry  Wells,  and  Inlet  and  Outlet  Pipes. — The  dry  or  stand  pipe 
well  is  not  necessarily  the  invariable  accompaniment  of  a  gasholder 
tank.    Some  engineers  prefer  to  dispense  with  it  altogether. 
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Many  of  the  largest  tanks  are  made  withont  dry  wells,  the  inlet  and 
outlet  pipes  being  of  such  ample  diameter  as  to  admit  of  their  exami- 
nation and  repair,  if  need  be,  from  the  inside. 

The  advantage  supposed  to  be  gained  by  providing  a  dry  well  is  the 
facility  which  it  affords  of  access  to  the  inlet  and  outlet  pipes,  both 
vertical  and  horizontal,  in  case  of  fracture,  without  disturbing  the 
puddle  or  other  backing  of  the  tank  wall. 

In  small  tanks  it  is  not  unusual  to  form  a  recess  in  the  tank  wall  in 
which  the  inlet  and  outlet  pipes  are  placed,  and  are  thus  accessible 
when  the  tank  is  emptied  of  water.     (Fig.  98.) 

The  inlet  and  outlet  pipes,  espedally  when  of  wrought-iron  or  steel, 
should  be  securely  anchored  or  bolted  down  to  the  stone  or  concrete 
base  on  which  they  rest  within  the  tank.  If  this  is  not  done,  the 
water,  by  reason  of  its  floatation  power,  is  liable  to  raise  them  slightly, 
and  so  disturb  and  cause  a  leakage  through  or  past  the  puddle  or 
concrete  in  which  the  horizontal  portions  of  the  pipes  are  embedded. 

Thickness  of  Tank  Walls. — The  walls  of  masonry  tanks  (brick, 
stone,  and  concrete)  are  never  required  to  resist,  unsupported,  the 
pressure  of  the  water  acting  upon  their  sides ;  but  are  generally  built 
under  the  surface  level  of  the  ground  within  the  space  of  an  excavation 
made  for  that  purpose,  and  having  a  backing  of  earth  carefully 
rammed  all  round  them.  If  the  upper  portion  of  the  tank  is  allowed 
to  rise  above  the  natural  ground  level,  a  supporting  embankment  is 
raised  behind  the  projecting  portion.  The  earth  backing  offers  a  resist- 
ance to  the  pressure  of  the  water  within  the  tank,  greater  than  the 
combined  weight  of  the  wall  and  the  cohesive  nature  of  its  com- 
ponent ingredients  ;  and  consequently  in  designing  a  tank  wall  this 
fact  is  allowed  for,  and  a  deduction  made  from  the  calculated  unsup- 
ported  thickness  of  the  masonry. 

In  the  well-known  MSmoire  by  M.  Arson,  a  translation  of  which,  by 
Dr.  tole,  is  given  in  "  King's  Treatise  **  (Vol.  II.,  p.  181  et  aeq.),  the 
author  investigates  this  subject  with  his  usual  ability.  After  some 
preliminary  observations  on  the  nature  of  the  ground,  and  the  choice 
and  placing  of  material,  he  proceeds  to  a  consideration  of  the  forces 
and  resistance  in  a  gasholder  tank  of  masonry,  and  deduces  the 
formulas  as  follows  : — 

As  to  the  Pressure  of  tJie  Water. 

TTS 

(1)  S  D  —  ^  tlie  total  force  of  the  water. 
(5 
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Then  as  to  the  threefold  resistance  to  thisjorce, 
\^)  C  D*  -^  =  the  resistance  of  the  earth  backing. 

P  E*  D*  H 

(2)  —    =  ilie  resistance  of  the  weight  of  the  masom^, 

2 

(8)  K'B}^  =  the  resistance  due  to  cohesion. 

Adding  the  combined  resistance  from  the  three  sources  together,  we 
have — 

2  2 

And  to  produce  stability  of  the  tank  these  must  be  greater  than  the 
effect  of  the  pressure  of  the  water — 

SDf 

where  D  =  Internal  diameter  of  the  tank  in  feet. 
E  =  Thickness  of  the  wall  (average)  in  feet. 
D^=  External  diameter  of  the  tank  in  feet. 
H  =  Height  of  wall  in  feet. 
8  =  Weight  of  a  cubic  foot  of  water. 
.G  =  Eesistance  of  the  earth  backing  in  lbs.  per  sq.  foot. 
P  =  Weight  of  a  cubic  foot  of  the  masonry. 
K  =  Cohesive  force  per  sq.  foot. 

Applying  these  formula  to  a  tank  actually  constructed,  let  us  see 
how  they  work  out.    Take  the  tank  described  on  p.  154 : — 

D  =  Internal  diameter  of  tank,  122  feet. 
E  =  Average  thickness  of  wall,  2^  feet. 
D^=  External  diameter,  127  feet. 
H  =  Height  (or  depth),  24  feet. 
8  =  Weight  of  a  cubic  foot  of  water,  62*5  lbs. 
C  =  Eesistance  of  the  earth  backing  per  sq.  foot,  clay  and  earth, 

say  average,  1200  lbs. 
P  =  Weight  of  a  cubic  foot  of  the  masonry,  112  lbs. 
K  =  Cohesive  force  per  sq.  foot,  bricks  in  1  Portland  cement  to 

8  sand,  mortar,  81,680  lbs. 
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Then— 

H«  24' 

<1)  S  D-g-    =      62-5  X  122-g-       =    17,568,000  =  total  force  of 

the    water 

m  lbs. 
H»  24« 

<1)  C  D'^Y  =      12^  ><  ^2*7  T      "^  43,891,200  =  resistance   of 

earth  back- 
ing. 

^^PE»D^H     112  X  2-5' X  127  X  24        ,  ^^^  ^.u. 

<2) 2 = 2~~ ^    1,066,800  =  resistance  of 

weight   of 
masonry. 

<8)  KH»E    =   81,680  x  24«  X  2-5  =  45,619,200  =  resistance  due 

to  cohesion. 


90,577,200  =  total  resist- 
ance  in  lbs. 
or  more  than  five  times  the  pressure  of  the  water,  which  is  an  ample 
margin  for  safety. 

It  has  already  been  pointed  out  that  the  walls  of  brick  tanks,  which 
are  porous  in  some  degree,  having  a  backing  of  clay  puddle  behind  and 
over  the  tank  bottom,  are  placed  in  equilibrium  by  the  water  on  both 
sides,  and  therefore  do  not  require  to  be  of  as  great  a  thickness  as  those 
with  an  internal  lining  of  cement  impermeable  to  water.  In  the  latter 
<^ase  special  care  should  be  taken  to  see  that  the  earth  backing  is 
thoroughly  consolidated  behind  the  wall,  so  that  the  pressure  of  the 
water  against  the  tank  may  be  transmitted  thereto  direct,  without 
danger  of  rupture  to  the  masonry. 

When  it  is  required  to  ascertain  the  thickness  of  any  portion  of  a 
tank  wall  to  resist  the  force  of  the  water  pressing  against  it,  the 
formula  as  under  is  applicable : — 

•g3p= thickness  in  inches. 

Where  P  =  the  pressure  of  the  water  in  lbs.  per  square  inch. 
D  =  the  radius  of  the  tank  in  inches. 
E  =  the  safe  cohesive  force  in  lbs.  per  square  inch. 
Example. — A  brick  and  puddle  tank  set  in  Portland  cement  mortar 
is  122  feet  in  internal  diameter  and  24  feet  deep  to  the  siurfEk^e  of  the 
jrest  stones.    Bequired  the  thickness  of  wall  immediately  above  footings. 

l2 
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The  pressure  of  the  water  on  each  square  inch  will  therefore  be — 

62-5  X  24     ^^ ,,  .      ^ 

jjT —  =  10  lbs.  pressure  of  water  per  square  mch. 

The  safe  cohesive  strength  of  the  brickwork  in  Portland  cement 
mortar  (1  cement,  8  sand)  may  be  taken  at  220  -;-  2  =  110. 

^  PD      10x782    7820    „,  .    ^  ,         .^«. 

^  •  giip=  110—10  "Too  ~^    y^<^^^^f  nearly,  or  6  ft.  2  m. 

the  required  thickness  of  the  wall.  It  will  be  seen,  however,  that  in 
this  calculation  no  account  has  been  taken  either  of  the  resistance 
offered  by  the  weight  of  the  masonry,  or  of  the  support  given 
by  the  eaxth  backing ;  so  that  the  result  obtained  is  the  thickness 
of  the  wall  to  resist  the  pressure  of  the  water  without  any  backing. 
And  as  this  latter  may  be  taken  as  fully  equal  to  the  other,  the  thick- 
ness obtained  by  the  calculation  may  be  reduced  by  one-half — t.^.,  to 
8  ft.  1  in. — which  will  be  the  required  thickness  of  tiie  wall  above  the 
footings.  The  required  thickness  at  any  other  depth  may  be  found  in 
like  manner.  The  pressure  of  the  water,  which  varies  in  proportion 
to  the  depth,  may  be  represented  by  a  right-angled  triangle  ABO, 
^  and,  therefore,  the  thickness  at  the  top  would  work 

out  to  nothing.  It  must  not  be  overlooked,  however^ 
that  the  tank  sides  act  as  a  retaining  wall  to  the 
earth  both  during  construction  and  at  any  time  after- 
wards, when  the  water  is  withdrawn;  and  conse- 
quently the  thickness  should  be  graduated  from  the 


^  ascertained  thickness  at  the  base  to  about  2^  or  8 

bricks  width  at  the  coping. 

The  thickness  of  8^  feet  at  the  base  of  the  wall  is  too  thin  by  more 
than  one-half  for  an  ordinary  retaining  wail  of  that  height  (24  feet) ; 
but  it  must  be  remembered  that  this  apparent  weakness  is 
counterbalanced  by  .the  circular  form  of  the  structure,  possessing 
as  it  does  all  the  qualities  of  the  arch,  and  being  built  up,  both 
wall  and  backing,  gradually  throughout  the  complete  circle  from  base 
to  coping. 

The  conditions,  as  regards  backing,  of  cast,  wrought-iron,  and  steel 
tanks  are  different.  These  being  generally  erected  above  gi-ound,  the 
resistance  offered  to  the  bursting  force  of  the  contained  water  ig 
entirely  due  to  the  cohesive  strength  of  the  metal. 
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The  same  formula,  however,  is  applicable  here,  as  will  be  seen  from 
the  next  example  of  a  cast-iron  tank,  where  the  safe  cohesive  strength 
of  the  iron  is  taken  at  4000  lbs*  per  sectional  square  inch,  its  ultimate 
tenacity  being  16,000. 

Example. — A  cast-iron  tank  is  80  feet  in  internal  diameter  and  18 

feet  deep.    Bequired  the  thickness  of  the  lower  ring  of  plates.    These 

are  generally  8  to  4  feet  in  depth,  but  the  water  pressure  on  the  lowest 

foot  may  be  taken. 

_       62-5  X  18     „^..  .      ^  .    - 

Here  — jtt —  =  7*8  lbs.  pressure  of  water  per  square  mch. 

Then— 

PD       7-8  X  480      8744  ^^„  ,  .    ^ 

K^Z-p=4ooo_7-8  =  8992^  =  '^^^'  ^^  ^^^  ^  "^^^' 
the  required  thickness  ;  and  so  in  like  manner  the  required  thickness 
of  the  several  higher  rings  may  be  ascertained.  This  thickness  may 
be  slightly  reduced  by  making  allowance  for  the  assistance  given  to  the 
lower  ring  of  plates  by  their  attachment  to  the  plates  forming  the 
bottom  of  the  tank,  and  especially  if  iron  hoops  are  employed  round 
the  outer  circumference  to  give  rigidity  to  the  structure. 

The  safe  cohesive  strength  of  wrought-iron  plates  may  be  taken  at 
10,000  lbs.  per  sectional  square  inch. 

Wrought-iron  and  steel  tanks  do  not  require  to  be  strengthened  by 
hoops. 

Examples  of  Construction, 

The  following  are  examples  of  gasholder  tanks  constructed  under 
moderately  favourable  circumstances.  It  will  be  found  advisable  in 
practice,  in  some  instances,  to  increase  the  strength  of  the  walls  and 
footings.  A  bed  of  concrete  should  be  laid  round  the  circle,  and  the 
brick  footings  built  upon  it.  This  is  especially  necessary  where  the 
ground  is  of  an  unsatisfiActory  character. 

BRICK    TANKS. 

Diameter,  21  ft.  6  in.    Depth,  10  ft. 

Footings,    8  single  courses ;   width  respectively,  8,  2^,  and    2 

bricks. 
Wall,  IJ  bricks  thick  for   half  the  height,  diminishing  by  an 

o£Ei3et  on  the  outside  to  1  brick  for  the  remainder. 
Coping  of  waU,  bricks  set  on  edge,  in  cement. 
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Piers  to  support  gasholder  ooltmms,  4  in  number,  brought  up 
from  foundation,  and  built  in  with  the  wall,  each  capped 
with  a  stone  2  ft.  square,  8  in.  thick,  having  8  holes  drilled 
in  each  for  the  holding-down  bolts. 

Best  or  landing  stones,  8  in  number,  15  in.  square,  6  in,  thick, 
laid  on  footings  built  at  bottom,  bound  in  with  the  wall- 
footings. 

Puddled  with  clay,  mixed  with  one-third  fine  sand,  or  soil  free 
from  vegetable  fibre,  2  ft.  thick  at  bottom ;  and  at  the  sides, 
tapering  from  2  ft.  at  the  base  to  one  foot  at  the  top. 

Bottom,  flagged  with  8  in.  flags. 

Bricks,  best  hard-burnt  stocks. 

Mortar,  lias  lime  one-third,  sharp  river  sand  two-thirds. 
Diameter,  88  ft.  6  in.    Depth,  12  ft. 

Footings,  2  double  courses,  width  8  and  2^  bricks. 

Wall,  2  bricks  thick  for  8  ft.  high,  and  1^  bricks  for  the  re- 
maining 4  ft.,  set  off  on  outside. 

doping  of  wall,  bricks  on  edge,  laid  in  cement. 

Piers,  4,  bound  in  with  wall,  and  brought  up  from  foundation, 
each  capped  with  a  stone  2  ft.  square,  9  in.  thick,  with  8 
bolt-holes. 

Best  stones,  8 ;  each  16  in.  square,  6  in.  thick,  let  into  face  of 
wall  2  in. ;  laid  on  footings. 

Puddled  with  clay  puddle,  composed  of  two-thirds  clay  and 
one-third  fine  sand,  trodden  well  together,  2  ft.  thick  at 
bottom  and  sides,  tapering  to  1  ft.  6  in.  at  top. 

Bottom,  flagged  with  yard  flags,  8in.  thick. 

Bricks,  best  hard-burnt  stocks. 

Mortar,  composed   of  best   lias   lime,  mixed   with    two-thirds 
sharp  sand. 
Diameter,  89  ft.    Depth,  14  ft. 

Footings,  2  double  courses,  8^  bricks  wide  at  base,  diminishing 
by  offsets  to  bottom  of  wall. 

Wall,  2i  bricks  at  bottom  to  height  of  6  ft. ;  next  4  ft.,  2  bricks ; 
remaining  8  ft.  6  in.  to  underneath  coping,  H  bricks  thick. 

Coping  stones,  6  in.  thick,  laid  in  cement,  and  cramped  together 
on  the  outside. 

Piers,  5,  brought  up  from  foundation,  each  capped  with  a  stone 
2  ft.  6  in.  square,  9  in.  thick,  with  4  bolt-holes. 
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Best  stones,  10,  let  8  in.  into  face  of  wall,  18  in.  square,  6  in. 

thick  on  footings. 
Paddled  with  clay,  mixed  with   one-third  sand,  2  fb.  thick  at 

bottom  and  at  the  sides,  tapering  to  1  ft.  6  in.  at  top. 
Bottom,  brick  payed. 
Bricks,  best  hard-bomt  stocks. 

Mortar,  lias  lime,  mixed  with  two-thirds  sharp  river  sand. 
Diameter,  51  ft.  6  in.    Depth,  16  ft. 

Footings,  2  doable  ooarses,  8^  and  8  bricks  wide. 

Wall,  thickness  at  base  to  height  of  7  fb.,  2^  bricks ;  next  5  ft., 

2  bricks ;  and  remaining  4  ft.,  1^  bricks. 
Coping,  bricks  on  edge,  set  in  cement. 
Piers,  5,  carried  ap  from  foundation,  each  pier  capped  with  a  stone 

8  ft.  square,  9  in.  thick,  having  4  holes  for  holding-down  bolts. 
Best  stones,  10, 18  in.  square,  6  in.  thick,  laid  on  footings,  and 

let  8  in.  into  face  of  wall. 
Puddled  with  clay,  mixed  with  one-third  sand,  2  ft  thick  at 

bottom  and  sides,  diminishing  to  1  ft.  6  in.  at  top. 
Bottom  flagged  with  yard  flags  8  in.  thick,  bedded  on  the  puddle. 
Bricks,  best  hard-burnt  stocks. 

Mortar,  lias  lime,  mixed  with  two-thirds  sharp  river  sand. 
Diameter,  62  ft.    Depth,  14  ft. 

Footings,  4  courses ;  width  respectively  4^,  4,  8^,  and  8  bricks. 
Wall,  thickness  at  base  to  height  of  5  ft.,  2^  bricks ;  next  5  ft. 

2  bricks  ;  remaining  8  ft.  to  underneath  coping,  1^  bricks. 
Goping  stones,  1  ft.  thick,  dressed  to  the  proper  radius,  and  laid 

in  cement. 
Piers,  6,  brought  up  from  foundation,  bound  in  with  tank  wall, 

each  capped  with  a  stone  8  ft.  square,  10  in.  thick,  with  4 

bolt-holes. 
Best  stones,  12, 18  in.  square,  8  in.  thick,  laid  on  footings. 
Mound  or  cone  left  in  bottom  of  tank,  8  feet  less  in  diameter 

than  the  latter,  flagged  round  the  base,  other  part  pitched 

with  random  stones. 
Puddled  with  clay  two-thirds,  intimately  mixed  with  one-third 

sand;  2  ft.  thick  at  bottom;  the  sides,  2  ft.  at  base  to  1  ft. 

6  in.  at  top. 
Bricks,  best  hard-burnt  stocks. 
Mortar,  lias  lime,  mixed  with  two-thirds  sand. 
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Diameter,  62  ft.    Depth,  20  ft. 

Footings,  5  courses,  first   course,  doable,  5   bricks   in  width; 

others  single ;  4^,  4,  and  8^  bricks  wide  respectively. 
Wall  thickness  at  base  to  height  of  9  ft.,  8    bricks;    next 

6  ft.,  2^  bricks;   remaining    5    ft.  to   underneath    coping, 

2  bricks, 
doping  stones,  1  ft.  thick,  dressed  to  the  proper  radius,  and 

laid  in  cement. 
Piers,  8,  brought  up  from  foundation,  bound  in  with  tank  wall, 

each  capped  with  a  stone  8  ft.  square,  12  in.  thick,  with  4 

bolt-holes. 
Best  stones,  16,  2  ft.  6  in.  long,  12  in.  wide,  10  in.  thick. 
Mound  or  cone  left  in  bottom  of  tank,  11  ft.  less  in  diameter 

than  the  latter,  covered  with  concrete  6  in.  thick. 
Puddled  with  clay ;  18  in.  thick  at  bottom ;  the  sides,  2  ft.  at 

base  to  1  ft.  6  in.  at  top. 
Bricks,  best  hard-burnt  seconds. 
Mortar,  1  Portland  cement  to  2  of  sharp  sand. 
Diameter,  88  ft.  6  m.    Depth,  20  ft. 

Footings,  4   courses;   first  course,  double,  5  bricks  in   width; 

others  single ;  4^,  4,  and  8^  bricks  wide  respectively. 
Wall,  firom  base  to  height  of  7  ft.,  8  bricks ;  next  7  ft.,  2^  bricks  ; 

and  remaining  6  ft.,  2  bricks  thick, 
doping,  bricks  set  on  edge,  and  laid  in  cement. 
Piers,  9,  brought  up  from  foundation,  each  capped  with  a  stone  4  ft. 

square,  10  in.  thick,  with  4  holes  for  holding-down  bolts  of 

columns. 
Best  stones,  18,  24  in.  square,  10  in.  thick,  laid  on  footings,  and 

let  8  in.  into  sides  of  tank. 
Puddled  with  clay,  2  ft.  thick  at  bottom ;  the  sides,  2  ft.  at  base, 

tapering  to  1  ft.  6  in.  at  top. 
dentre  pillar,  to  support  crown  of  gasholder  when  down,  8  ft. 

6  in.  diam.,  built  of  brick,  coated  with  cement. 
Bottom,  flagged  with  Yorkshire  flags,  4  in.  thick. 
Bricks,  best  hard-burnt  stocks. 

Mortar,  lias  lime,  mixed  with  two-thirds  sharp  river  sand. 
Diameter,  102  ft.    Depth,  24  ft. 

Footings,  6  bricks  wide  at  base,  diminishing  by  ofbets  to  the 

bottom  of  wall. 
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Wall,  thickness  at  base  to  7  ft.  in  height,  4  bricks;  next  7  ftr, 

3i  bricks  ;  next  5  ft.,  8  bricks  ;  and  remaining  4  ft.  to  coping, 

2^  bricks  thick. 
Ooping  of  stone,  1  ft.  thick. 
Piers,  12,  carried  up  and  built  in  with  wall  from  foundation. 

Each  capped  with  a  stone  4  ft.  square,  15  in.  thick,  with  4 

bolt-holes. 
Best  stones,  24,  2  ft.  6  in.  square,  12  in.  thick,  let  4  in.  into 

bottom  of  wall,  and  resting  on  footings. 
Stones,  72  in  number,  18  in.  long,  12  in.  by  12  in.,  built  into 

tank  wall,  against  which  the  channel  guides  are  fi&stened. 
Puddled  with  clay,  2  ft.  thick  at  bottom  ;  the  sides,  2  ft.  6  in.  at 

base,  tapering  to  1  ft.  6  in.  at  top. 
Bottom,  concreted  over  the  puddle  to  the  depth  of  10  in. 
'   Centre  pillar,  4  ft.  square. 
Bricks,  best  hard-burnt  stocks. 

Mortar,  lias  lime,  mixed  with  two-thirds  sharp  river  sand. 
Diameter,  102  ft.  6  in.    Depth,  80  ft. 

Footings,  1  double  and  4  single  courses,  respectively  6,  5^,  5,  4|, 

and  4  bricks  wide. 
Wall,  8  bricks  wide  for  10  ft.  high ;  next  10  ft.,  2|  bricks  ;  and 

remaining  9  ft.  to  coping,  2  bricks. 
Coping  of  stone,  12  in.  thick,  not  less  than  4  ft.  long  each  stone, 
Strengthening  rings,  of  brickwork,  laid  in  cement,  5 — 

1st  ring,    2  ft.  6  in.  from  bottom,  7  bricks  deep. 
2nd  do.      8„  6„  „  6        do. 

8rd  do.     14  „  0  „  „  6        dp. 

4th  do.     19  „   6  „  „  5        do. 

5th  do.    24  „  0  „  „  4        do. 

Piers,  12,  brought  up  from  foundation  along  with  and  bound 

into  the  wall,  each  capped  with  a  stone  4  ft.  6  in.  square,  15 

in.  thick,  with  4  bolt-holes. 
Best  stones,  24,  27  in.  square,  12  in.  thick,  on  footings,  and  let 

4  in.  into  tank  wall. 
Puddled  with  clay  2  ft.  thick  throughout. 
Centre  pillar,  of  brick,  4  ft.  square,  cemented  over. 
Bottom  concreted  to  the  depth  of  12  in.  over  the  puddle. 
Bricks,  best  hard-burnt  stocks. 
Mortar,  lias  lime,  mixed  with  two-thirds  sharp  river  sand. 
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Diameter,  122  ft.    Depth,  24  ft. 

Gonorete  under  footmgs  of  wall  and  rest  stones,  12  in.  thick  and 

10  ft.  wide. 
Footings,  8  brioks  wide  at  base,  diminishing  by  8  ofiEsets  to  the 

bottom  of  the  wall. 
Wall,  thiokness  at  base  to  8  ft.  9  in.  in  height,  4  brioks ;  next 

7  ft.»  8}  brioks ;  next  4  ft.  6  in.,  8  bricks ;  and  remaining  8  ft. 
to  coping,  2^  bricks  thick.    Batter  of  wall  1  in  100. 

Coping  of  stone,  9  in.  thick,  by  24  in.  wide,  and  not  less  than 

8  ft.  4  in.  long. 

Piers,  14,  each  7  bricks  square  carried  up  and  built  in  with  wall 
from  foundation,  and  capped  with  a  stone  5  ft.  4  in.  square, 
18  in.  thick,  and  with  4  holding-down  bolts  to  each. 

Best  stones,  28,  8  ft.  6  in.  by  2  ft.  by  12  in.  thick,  let  mto  wall 
4^  in.,  and  resting  on  footings. 

Ouide  rail  stones,  56  in  number,  built  into  tank  wall,  28  of 
which  are  2  ft.  by  1  ft.  6  in.  by  1  ft.  6  in.,  the  remaining  2& 
being  2  ft.  6  in.  by  1  ft.  6  in.  by  1  ft. 

Brick  ring  or  apron  extending  6  ft.  from  inside  of  tank  wall  at  the 
bottom  to  form  a  floor,  8  courses  of  bricks  thick  laid  flat. 

Gentre  pillar  of  brickwork,  4  ft.  diam.,  cemented  over. 

Mortar,  Portland  cement,  1  part ;  sand,  8  parts. 

Bricks,  picked  common. 

Puddle  behind  wall  of  tank  24  in.  thick  at  bottom,  tapering  to 
18  in.  at  top.    On  cone  in  tank  bottom  18  in.  thick. 

Concrete  over  surface  of  puddled  cone,  6  in.  thick. 
Diameter,  145  ft.    Depth,  55  ft. 

Top  of  tank,  4  ft.  above  ground  level. 

Footings,  4  double  courses,  respectively  5  ft.,  4  ft.  8  in.,  4  ft.  4|  in., 
and  4  ft.  wide. 

Wall,  to  height  of  10  ft.  above  footings,  8  ft.  7  in.,  or  4^  bricks 
thick  ;  next  10  ft.,  4  bricks ;  next  10  ft.  8^  bricks ;  next  15  ft., 
8  bricks ;  next  5  ft.,  2^  bricks ;  remaining  4  ft.,  exclusive  of 
coping,  2  bricks  thick. 

Strengthening  rings,  or  courses,  6  courses  in  every  5  ft.  of 
height;  also  the  8  finishing  courses,  and  the  corresponding 
courses  in  piers,  set  in  cement.  The  brickwork  at  no  part 
carried  higher  than  5  courses  of  bricks,  until  the  circle  up  to 
that  level  is  completed,  puddled,  and  backed  up. 
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Coping  of  stone,  12  in.  thick,  bedded  in  cement. 

Piers,  16,  4  ft.  8  in.  wide,  each  capped  with  a  stone  6  ft.  square, 
18  in.  thick,  for  supporting  columns;  4  holes  in  each  for 
holding- down  bolts;  the  said  holding-down  bolts,  with  cast- 
iron  plate,  built  into  each  pier,  10  ft.  below  level  of  coping. 

Best  stones,  82,  let  4^  in.  into  face  of  wall,  and  resting  on  piers 
of  brickwork  forming  part  of  the  general  footings. 

Blocks  of  stone,  18  in.  by  12  in.  by  12  in.,  inserted  in  wall 
opposite  each  pier,  for  securing  guides. 

Gone  in  centre  of  tank,  6  ft.  less  in  diameter  at  the  base  than 
the  interior  of  tank ;  lower  part,  to  height  of  20  ft.,  paved 
with  4  courses  of  brickwork ;  upper  part,  of  day  only. 

Puddle,  not  less  than  18  in.  in  thickness,  and  kept  constantly 
well  moistened ;  the  earth  being  firmly  pounded  in  behind. 

Bricks,  best  hard-burnt  stocks. 

Mortar,  composed  of  1  part  fresh  burnt  lias  lime,  to  8  parts  of 
clean,  sharp  river  sand ;  not  more  than  sufficient  for  one  day's 
work  made  at  one  time. 

Cement,  fresh  burnt,  with  equal  proportions  of  sand,  mixed  as  it 
is  being  used. 

Dry,  or  stand  pipe  well,  15  ft.  diameter,  68  ft.  deep,  paved  with 

8  courses  of  brickwork  on  edge,  set  in  cement. 
Diameter,  154  ft.    Depth,  40  ft.  6  in. 

Foundation  of  concrete,  12  in.  thick,  18  ft.  wide  under  piers,  and 

11  ft.  wide  under  walling. 
Wall,  starts  from  concrete  foundation  without  footings,  5  bricks 

thick  for  a  height  of  16  ft.  10  in. ;  next  4^  bricks  for  6  ft.  5  in. 

deep ;  next  4  bricks  for  6  ft.  5  in. ;  next  8^  bricks  for  6  ft.  5  in.,. 

and  8  bricks  the  remaining  height. 
Coping  of  stone,  12  in.  by  2  ft.  8  in.,  in  lengths  not  less  than 

4  ft.  6  in. 
Piers,  16  in  number,  6  ft.  square  from  bottom  to  top,  capped  with 

hard  Yorkshire  stones,  6  ft.  square  and  2  ft.  thick,  with  4 

bolt-holes  in  each. 
Best  stones,  82,  4  ft.  10  in.  by  2  ft.,  by  1  ft.,  built  4^  in.  in 

tank  wall. 
Guide  rail  stones,  144  in  number,  112  of  which  are  2  ft.  by  1  ft. 

9  in.  by  1  ft.,  and  the  remaining  82  being  2  ft.  by  1  ft.  9  in. 
bylft.  6in. 
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Fuddled  with  clay  24  in.  thick  over  surfEbce  of  mound  in  bottom, 

and  behind  tank  wall. 
Brick  apron,  2  ft.  thick  and  6  ft.  wide,  round  bottom  of  tank  wall 

inside,  upon  which  the  rest  stones  are  set. 
Centre  pillar  of  brick,  6  ft.  square  at  bottom  and  6  ft.  8  in.  square 

at  top,  capped  by  a  stone  12  in.  thick. 
Mortar,  Portland  cement,  1  part ;  sand,  8  parts. 
Bond,  English;    alternate  courses  of   headers  and  stretchers 

throughout. 
Dry  well,  10  ft.  in  diameter,  48  ft.  6  in.  deep. 
J)iameter,  182  ft.    Depth,  40  ft. 

Footings,  8  ft.  deep  below  tank  bottom,  in  8  equal  set-offs ;  placed 

on  elm  sleepers,  9  in.  by  4  in. 
Wall,  thickness  at  base  to  15  ft.  in  height,  4^  bricks  ;  next  15  fG., 

4  bricks ;  next  5  ft.,  8  bricks,  and  remaining  4  ft.,  2|  bricks 

thick. 
Coping,  Bramley  Fall  stone,  12  in.  thick,  and  24  in.  wide. 
Piers,  28, 6  ft.  thick  from  inside  tank  to  outside  pier,  and  8  ft.  9  in. 

wide  side  to  side,  capped  with  granite  blocks,  5  ft.  8  in.  square 

and  2  ft.  thick,  with  4  bolt-holes  in  each. 
Best  stones,  28,  built  in  wall  12  in.,  are  each  4  ft.  by  2  ft.  6  in. 

by  12  in  thick. 
Ouide  rail  stones,  112  in  number,  18  in.  by  12  in.  by  12  in. 
Puddled  with  clay  on  cone  in  bottom  of  tank,  under  footings, 

and  behind  tank  wall  a  uniform  thickness  of  24  in. 
Cone  at  bottom  covered  over  the  clay  with  9  in.  of  concrete, 

and  paved  with  a  layer  of  bricks  on  edge,  set  in  cement. 
Centre  pillar  of  brickwork,  7  ft.  6  in.  square,  capped  with  granite 

block,  2  ft.  thick,  the  whole  on  a  foundation  of  concrete. 
Bricks,  best  hard-burnt  stocks. 
Mortar,  blue  lias  lime  and  sharp  sand. 
Brick  ring  or  apron,  8  ft.  thick,  extending  6  ft.  6  in.  from  inside 

of  tank  wall  at  the  bottom,  to  form  a  floor. 
Diameter,  200  ft.    Depth,  86  ft. 

Footings,  laid  on  elm  boards  1^  in.  thick,  placed  on  the  puddle, 

are  9  bricks  wide  at  base,  diminishing  by  2}  in.  ofiiBets  to 

bottom  of  wall. 
Wall,  thickness  at  base  to  12  ft.  in  height,  5  bricks ;  next  6  ft., 

4}  bricks ;  next  5  ft.,  4  bricks ;  next  5  ft.,  8|  bricks  ;  next  5  ft., 
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8  bricks,  and  the  remainmg  portion,  2^  bricks ;  being  finished 

at  top,  to  form  a  coping,  with  Staffordshire  blue  bricks  set  on 

edge  in  cement. 
Piers,  22  in  number,  5  ft.  6  in.  from  inside  tank  to  outside  the 

pier,  and  7  ft.  wide  from  side  to  side,  surmounted  by  Bramley 

Fall  column  stones,  6  ft.  by  5  ft.  6  in.  by  1  ft.  4  in.  thick,  with 

4  holes  in  each. 
Piers,  intermediate,  22  in  number,  5  brick  lengths  square,  brought 

up  from  bottom,  and  capped  with  stones,  2  ft.  square,  and 

1  ft.  6  in.  thick. 
Best  stones,  44,  4  ft.  6  in.  by  8  ft.  by  1  ft.  8  in.  thick,  set  into  wall 

4^  in.  and  bedded  on  concrete. 
Guide  rail  stones,  44,  2  ft.  square  by  1  ft.  6  in. 
Puddled  with  clay,  over  cone  in  centre,  and  under  footings  2ft.  6  in. 

thick,  behind  tank  wall  2  ft.  thick  at  bottom,  tapering  ta 

1  ft.  6  in.  at  top. 
Concrete  apron,  2  ft.  thick,  extending  9  ft.  from  tank  wall  all 

round. 
Gone,  covered  with  6  in.  of  concrete  over  the  clay  puddle. 
Bricks,  well  burnt  Oldbury  brown  bricks. 
Mortar,  blue  lias  lime,  1  part ;  sand,  2^  parts. 
Bond,  English,  alternate  courses    of  headers   and   stretchers 

throughout. 
Hoop-iron    bond,    every    sixth    course    in   height,    1^  in.  by 

l-16th  in.  is  inserted  as  follows: — In  the  five  bricks  thick 

part,  5  rows  are  laid  in  the  thickness  of  the  wall  at  equal 

distances  apart ;  in  the  4^  and  4  bricks  thick  part,  4  rows ; 

8^  and  8  bricks  part,  8  rows ;  and  2  rows  for  the  remain- 
ing height. 
Shallow  dry  well,  12  ft.  diameter,  20  ft.  deep. 
Diameter,  208  ft.  6  in.    Depth,  88  ft. 

Footings,  bottom  course,  7  bricks  wide,  4  bricks  deep,  and  4  single 

courses,  respectively  6,  5^,  5,  and  4^  bricks  wide. 
Wall,  thickness  for  a  height  of  20  ft.,  4  bricks ;  next  9  ft.,  8^ 

bricks  ;  next  8  ft.,  8  bricks. 
Coping  stone,  24  in.  wide,  12  in.  thick. 
Strengthening  rings  of  brickwork  laid  in  cement,  5,  divided 

equally  throughout  the  depth  of   tank  wall,  10  bricks  each 

in  depth. 
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Piers,  18,  on  foandatiions  brought  up  from  bottom  of  tank  footings 
and  bound  in  with  wall,  each  capped  with  a  stone  6  ft.  square, 
18  in.  thick,  4  holes  for  bolts,  the  latter  with  plate  built  into 
pier,  10  ft.  below  the  top  of  coping. 

Best  stones,  86,  4  ft.  square,  12  in.  thick,  on  footings  brought  up 
from  bottom  of  wall  footings. 

Puddled  with  clay,  mixed  with  one-third  sharp  sand,  and  not  less 
than  2  ft.  thick  in  any  part. 

Bottom  concreted  over  the  puddle  to  the  depth  of  12  in. 

Bricks,  best  hard-burnt  stocks. 

Mortar,  1  part  lias  lime  to  2  parts  sharp  river  sand. 
Diameter,  218  ft.    Depth,  44  ft.  6  in. 

Foundation  of  concrete  2  ft.  thick,  9  ft.  5  in.  wide,  including 
apron. 

Wall,  thickness  at  base  to  20  ft.  in  height,  5  bricks ;  next  5  ft., 
4}  bricks ;  next  5  ft.,  4  bricks ;  next  5  ft.,  8^  bricks  ;  next  5  ft., 
8  bricks,  and  the  remaining  portion  2^  bricks ;  7  circular  bands 
of  brickwork,  6  courses  deep  each,  and  extending  through  the 
full  thickness  of  the  wall,  are  built  in  equidistantly  in  the 
height  of  the  wall  set  in  Portland  cement  mortar,  the  inter- 
vening portions  of  the  wall  being  set  in  hydraulic  lime  mortar 
all  in  English  bond. 

Coping  of  Yorkshire  stone,  2  ft.  5  in.  by  6  in.,  in-  5  ft.  lengths, 
projecting  1  inch  over  wall. 

Piers,  24,  each  7  ft.  from  inside  tank  wall  to  outside  of  pier,  and 

6  ft.  6  in.  wide,  side  to  side,  capped  with  Bramley  Fall  stones, 

7  ft.  by  5  ft.  6  in.  by  2  ft.,  having  7  bolt-holes  in  each. 
Piers,  intermediate,  24,  each  8  ft.  10  in.  square,  capped  with 

stones  4  ft.  by  4ft.  by  6  in. 
JRest  blocks  of  concrete,  48,  each  4  ft.  6  in.  long  by  2ft.  wide,  and 

standing  6  in.  above  the  concrete  apron. 
-<juide  rail  stones,  288,  each  18  in.  by  12  in.  by  12  in.,  projecting 

1  in.  from  fs^e  of  tank  wall. 
Puddled  with  clay,  not  less  than  18  in.  at  any  part. 
Truncated  surface  of  cone  paved  with  stones. 
Mortar,  blue  has  hydraulic  lime,  1  part ;  sand,  8  parts. 
Cement  mortar,  Portland  cement,  1  part ;  sand,  8  parts. 
-Concrete,  Portland  cement,  1  part ;  river  ballast,  7  parts. 
.Shallow  dry  well,  12  ft.  diameter,  26  feet  deep.   . 
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COMPOSITE  TANK. 

Diameter,  152  ft.    Depth,  81  ft. 

FootingSi  8  ft.  6^  in.  wide  at  bottom,  including  apron,  2  ft.  6  in. 
thick. 

Wall,  brick  &oed,  9  in.  thick,  in  English  bond ;  backing  of  con- 
crete ;  thickness  at  base,  including  the  backing,  to  18  ft.  9  in. 
high,  8  ft.  4^  in. ;  next  8  ft.  6  in.,  8  feet  thick ;  and  the  next 
8  ft.  6  in.,  2  ft.  8  in.,  to  the  underside  of  coping. 

Coping  of  stone,  1  ft.  10  in.  by  12  in.,  in  8  ft.  lengths. 

Piers,  16,  are  8  ft.  from  inside  tank  wall  to  outside  pier,  and  4  ft. 
6  in.  wide,  from  side  to  side,  formed  of  9  in.  brickwork  on  three 
sides,  and  filled  in  with  concrete,  the  whole  being  capped  with 
a  stone  8  ft.  by  4  ft.  by  1  ft. 

Best  stones,  2  to  each  pier,  or  a  total  of  82,  each  4  ft.  by  1  ft.  6  id. 
by  9  in. 

Guide  rail  stones^  48,  each  2  ft.  by  1  ft.  by  9  in. 

Puddled  with  clay,  2  ft.  thick  throughout. 

Gone,  concreted  over  the  clay  puddle  to  a  depth  of  12  in.  and 
rendered. 

Centre  pillar,  solid  brickwork,  6  ft.  6  in.  in  diameter  at  top,  the 
sides  having  a  batter  of  1  in  40 ;  built  on  a  foundation  of  con- 
crete 10  ft.  square  and  8  ft.  deep.    Stone  cap,  6  ft.  diameter  by 

1  ft.  thick,  on  which  is  placed  a  double  layer  of  4  in.  oi^ 
planking. 

Hoop-iron  bond,  tarred  and  sanded,  1^  in.  wide,  l-12th  in.  thick, 
is  placed  ever^f  4^  ft.  in  height,  in  the  proportion  of  1  strip  to 
every  4^  in.  in  thickness  of  the  wall. 

Mortar,  Portland  cement,  1  part ;  sand,  8  parts. 

Concrete,  Portland  cement,  1  part ;  sand,  8  parts ;  coarse  screened 
stones,  1^  in.  diameter,  4  parts. 

Dry  well,  11  ft.  diameter,  40  feet  deep  to  floor. 

CONCRETE  TANK. 

Diameter,  82  ft.    Depth,  28  ft. 

Wall,  8  ft.  8  in.  thick  at  bottom,  tapering  on  the  outside  to 

2  ft.  4  in.  at  the  top,  built  entirely  of  concrete,  and  rendered  on 
inside  with  neat  Portland  cement  f  in.  thick. 

Piers,  10,  each  4  ft.  by  8  ft.  8  in.  of  concrete. 
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Best  blocks  of  concrete  2^  ft.  long,  18  in.  wide,  6  in.  thick. 

Backing  composed  of  sand. 

Gone,  concreted  over  suriiGU^e,  18  in.  thick,  and  rendered  with  neat 

cement  f  in.  thick. 
Centre  pillar,  4  ft.  square,  8  ft.  high. 
C!oncrete,  Portland  cement,  1  part ;  sand,  gravel,  old  retorts,  and 

clinkers,  5  parts. 
Diameter,  184  ft.    Depth,  47  ft. 

Wall,  6  ft.  thick  at  bottom,  tapering  on  the  outside  to  2  ft.  8  in. 

at  the  top,  built  entirely  of  concrete,  and  rendered  on  inside 

with  neat  Portland  cement  f  in.  thick. 
Piers,  20,  each  8  feet  thick,  of  concrete  entirely. 
Best  blocks  of  concrete,  6  ft.  long. 
Puddle,  none. 
Cone,  concreted  over  surfehce,  12  in.  thick,  and  rendered  with 

neat  cement  f  in.  thick. 
Centre  pillar,  hollow,  external  diameter  14  ft.,  internal  ditto, 

10  ft. 
Concrete,  Portland  cement,  1  part ;  gravel,  sand,  ballast,  burnt 

day,  old  retorts,  and  clinkers,  7  parts. 
Dry  well,  10  ft.  diameter,  58  ft.  deep,  built  of  concrete  2  ft.  thick, 

and  rendered  outside  with  neat  cement. 


STONE  TANK. 

Diameter,  89  ft.    Depth,  20  ft. 

Footings,  2  courses.  First  course  composed  of  stones  at  least  8  ft. 
6  in.  square  and  9  in.  thick;  second  course,  8  ft.  square,  9  in. 
thick,  breaking  joint  at  least  1  ft.  on  the  vertical  joint. 

Wall,  to  underneath  coping,  built  of  stones  not  less  than  16  in. 
on  the  inner  &ce,  dressed  to  the  proper  radius ;  no  stone 
having  less  than  10  in.  of  a  square  joint,  nor  less  than  18  in. 
on  the  bed,  and  5  in.  thick.  Walling  carried  out  in  horizontal 
courses  throughout  the  circumference  of  the  tank,  and  backed 
up  with  good  strong  random.  Two  throughs  to  every  super- 
ficial yard.  Thickness  of  wall  at  base,  random  included, 
2  ft.  8  in.,  gradually  diminishing  to  1  ft.  8  in.  at  top. 
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Coping  of  stones,  1  ft.  11  in.  broad,  8  in.  thick,  and  not  less  than 

8  ft.  6  in.  long,  dressed  to  the  proper  radius,  and  laid  in 

cement. 
Piers,  9,  bound  in  and  built  np  along  with  the  tank  wall ;  a 

through  of  entire  size  every  vertical  yard,  and  capped  with  a 

solid  cover  8  ft.  6  in.  square,  15  in.  thick,  having  4  holes  for 

foundation  bolts  of  columns. 
Best  or  bearing  stones,  18,  throughs  2  ft.  wide  and  1  ft.  thick 

built  in  along  with  wall  footings,  and  projecting  1  ft.  9  in.  into 

the  tank. 
Mound  or  Gone  in  bottom  of  tank,  covered  with  puddle  to  the 

depth  of  24  in.,  its  base  flagged  with  a  course  of  yard  flags 

4  in.  thick,  the  remainder  pitched  with  dry  rubble. 
Pillar  in  centre  of  tank,  capped  with  a  solid  stone  4  ft.  square, 

15  in.  thick. 
Mortar,  lias  lime,  one-third ;  sharp  clean  sand,  two-thirds* 

CAST-IRON   TANKS. 

Diameter,  88  ft.    Depth,  15  ft. 

Plates,  not  more  than  4  ft.  in  length  or  width.  All,  except  top 
course  or  tier,  strengthened  with  diagonal  ribs.  Lowest  tier, 
f  in.  thick ;  top  tier,  i  in.  thick ;  intermediate  and  bottom 
plates,  f  in.  thick.  Small  brackets  or  snugs,  projecting  4  in., 
cast  1^  in.  below  centre  of  side  plates,  to  support  the  strengthen- 
ing hoops. 

Flanges,  8  in.  wide,  with  brackets  between  the  bolt-holes. 

Bolt-holes,  square,  |  in.  and  i  in.,  and  6  in.  apart,  centres. 

Bolts  of  bottom  plates  and  two  lower  tiers  of  sides,  {^  in. ;  all  the 
others,  i  in.  square  under  head. 

Hoops  of  flat  wrought-iron,  8  in.  by  f  in.,  bound  round  each  tier 
of  side  plates  with  jaws  and  screws. 

Joints  planed. 
Diameter,  61  ft.    Depth,  17  ft. 

Plates,  bottom,  1  in.  thick,  except  outside  row,  1^  in.  thick. 
Sides,  first  tier,  IJ  in. ;  second,  1  in. ;  third,  |  in. ;  and  fourth, 
f  in.  thick.  Depth,  4  ft.  8  in. ;  width,  4  ft.  9  in.  Say,  40 
plates  in  each  tier.  Snugs,  projecting  4  in.,  cast  on  each  plate, 
2  in.  below  centre,  to  support  the  binding  hoops. 
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Flanges,  8  in.  wide,  not  less  than  i  in.  thick ;  brackets  i  in.  thick 
between  the  bolt-holes. 

Bolt-holes,  square,  f  in. ;  7  in.  apart,  centre  to  centre. 

Bolts,  f  in.,  square  under  head. 

Hoops  of  flat-iron,  d|  in.  by  |  in.,  with  suitable  jaws  and  tighten- 
ing screws  bound  round  each  tier  of  side  plates. 

Joints,  planed. 
Diameter,  82  ft.    Depth,  20  ft. 

Plates,  bottom  1^  in.,  except  centre  plate,  1^  in.  Sides,  first  tier, 
1^  in. ;  second  tier,  1^  in. ;  third  tier,  1  in. ;  fourth  tier,  i  in. 
60  plates  to  each  tier.  Bearing  brackets  cast  on  each  plate  to 
support  strengthening  hoops. 

Flanges,  4^  in.  wide,  1^  in.  thick ;  brackets  }  in.  between  bolt- 
holes. 

Bolt-holes,  square,  1^  in.,  5^  in.,  centre  to  centre. 

Bolts,  1  in.,  square  under  head. 

Hoops,  wrought-iron,  5  in.  by  }  in.,  i  in.,  and  ^  in. 

Joints,  planed  and  caulked  with  iron  cement. 
Diameter,  101  ft.    Depth,  22  ft.  8  in. 

Plates,  bottom,  outside  row,  1^  in.,  and  remainder  1  in.,  except 
centre  plate,  1^  in.  Sides,  first  and  second  tiers,  1^  in. ;  third 
tier,  1|  in. ;  fourth  and  fifth  tiers,  1  in.  thick.  Width,  4  ft.  2f  in. 
(say  75  plates  in  each  tier) ;  depth,  4  ft.  6^  in.  Bearing  bracket, 
projecting  5  in.,  cast  on  each  plate,  2^  in.  below  centre,  to 
support  l^e  strengthening  hoops. 

Flanges,  8^  in.  wide,  equal  to  plates  in  strength  ;  brackets,  }  in. 
between  the  bolt-holes. 

Bolt-holes,  square,  1  in. ;  7  in.,  centre  to  centre. 

Bolts,  1  in«,  square  under  head. 

Hoops,  flat-iron,  5  in.  by  1^  in.,  with  jaws  and  screws,  bound 
round  each  tier  of  side  plates. 

Joints,  planed. 

WROUGHT-IRON    TANK. 

Diameter,  51  ft.  4  in.    Depth,  14  ft. 

Plates,  f  in.  thick,  both  sides  and  bottom,  with  the  exception  of 
the  outer  row  in  the  latter,  and  those  to  which  the  guide  rails 
are  fixed  up  the  sides,  which  are  i  in.  thick. 


GAS   ENGINEEBS   AND   MANAGEBS.  163 

Curbs,  of  angle-iron,  extending  round  the  entire  oircxunference  of 
the  tank  outside  ;  top  curb,  4  in.  by  4  in.  by  ^  in. ;  two  inter- 
mediate curbs  or  rings  the  same  size,  and  bottom  curb  4^  in. 
by  4}  in.  by  ^  in.,  all  butt-jointed,  and  with  lapping  pieces 
not  less  than  18  in.  long,  riveted  to  the  side  plates  of  the  tank 
with  {  in.  rivets  6  in.  apart. 

Vertical  stays,  12  in  number,  serving  as  guides  for  the  holder, 
14  ft.  long,  formed  of  two  8  in.  by  2^  in.  by  f  in.  angle-irons 
placed  thus :  J  L  and  riveted  to  the  i  in.  plates  up  the  sides 
before  mentioned  with  rivets  6  in.  apart. 

Lap  of  plates,  not  less  than  1^  in.,  riveted  hot  with  f  in.  rivets, 
1^  in.  centres. 

Masonry  standards  or  iron  brackets  to  support  columns. 

STEEL    TANKS. 

Diameter,  62  ft.    Depth,  18fc.  8  in. 

Plates,  mild  steel,  bottom  or  floor  plates,  ^  in.  thick.  Sides,  four 
rings,  bottom  ring,  ^  in.,  second  ring,  f  in.,  and  two  top  rows, 
^  in.  except  standard  plates,  which  are  f  in. 

Curbs,  bottom  curb  securing  sides  and  bottom,  of  angle-steel 
4  in.  X  4  in.  X  i  in.  Top  curb,  8^  in.  x  8|in.  x  ^  in.  angle- 
steel. 

Ouides,  16  in  number,  6  in.  x  8  in.  x  din.  x  fin.  channel-steel. 

Brackets  of  flat  and  angle-steel  to  support  standards. 

Lap  of  plates,  2^  in.,  {  in.  rivets,  2  in.  centres. 
Diameter,  102  ft.    Depth,  20  ft.  8  in. 

'  Plates,  mild  steel,  bottom  or  floor  plates,  outer  row,  ^  in.  thick. 
Inner  rows,  f  in.  thick.  Sides,  five  rings,  bottom  ring,  i  in. 
thick ;  next  two  rings,  i  in. ;  top  rings,  f  in.  thick. 

Curbs,  bottom  curb  securing  sides  and  bottom,  of  angle-steel, 
4  in.  X  4  in.  x  4  in.  Top  curb  8^  in.  x  8}  in.  x  f  in. 
angle-steel.  Top  of  tank  finished  with  a  i  in.  steel  plate 
riveted  to  standards  and  top  curb,  and  curved  to  radius  of  tank. 

Guide  bars,  24  in  number,  6  in.  x  8  in.  x  8  in.  X  |  in.  channel- 
steel. 

Brackets  of  flat  and  angle-steel  to  support  standards. 

Lap  of  plates,  2^  in.,  J  in.  rivets,  2  in.  pitch.  Vertical  joints  to 
overlap  4^  inchesy  and  to  be  double  riveted. 

M  2 
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ANNULAR    OR    RING    TANKS. 

CMt-Iron, 

Diameter,  75  ft.    Depth,  19  ft. 

Plates,  bottom  or  ring  plates,  8  ft.  6  in.  wide,  1  in.  thick.  Inner 
oiroles,  1  tier  of  plates  only,  4  ft.  deep,  1  in.  thick ;  strengthened 
with  2  horizontal  ribs  2  in.  deep  by  |  in.  thick  on  side  next 
centre  of  tank,  and  on  other  side  with  2  vertical  brackets, 
9  in.  at  bottom,  diminishing  to  nothing  at  top,  f  in.  thick, 
with  foot,  9  in.  by  6  in.  by  }  in.,  on  bottom  of  each  bracket^ 
Outer  circle,  4  tiers,  4  ft.  9  in.  deep,  and  1  in.,  |  in.,  f  in.,  and 
f  in.  thick  respectively.  55  plates  in  the  circumference.  Snug, 
projecting  4f  in.,  2  in.  below  centre,  to  support  binding  hoops. 

Flanges,  Bf  in.  wide,  equal  to  plates  in  strength,  with  brackets 
between  the  bolt-holes. 

Bolt-holes  square,  ^  in.,  6  in.  centre  to  centre. 

Bolts,  ^  in.  square  under  head. 

Hoops,  flat-iron,  4  in.  by  1  in.,  with  suitable  jaws  and  screws, 
bound  round  each  tier  of  outside  plates. 

Joints,  \  in.  thick,  caulked  with  iron  cement. 
Diameter,  108  ft.    Depth,  22  ft. 

Plates,  bottom  or  ring,  5  ft.  wide,  1  in.  thick.  Inner  circle,  1  tier 
of  plates  only  4  ft.  deep,  1  in.  thick  ;  strengthened  with  2  hori- 
zontal ribs,  2  in.  deep  by  f  in.  thick  on  side  next  centre  of 
tank,  and  on  other  side  with  2  vertical  brackets,  9  in.  at  bottom, 
diminishing  to  nothing  at  top,  f  in.  thick,  with  foot  on  bottom 
of  each,  9  in.  by  6  in.  by  f  in.  Outer  circle,  5  tiers,  4  ft.  5  in. 
deep,  and  1}  in.,  1  in.,  ^  in.,  f  in.,  and  { in.  thick  respectively. 
66  plates  in  the  circumference.  A  snug  or  bearing  bracket  cast 
on  each  of  the  outside  plates,  2^  in.  below  centre,  and  project- 
ing 4  in.  for  supporting  the  binding  hoops. 

Flanges,  8  in.  wide,  1  in.  thick,  with  brackets  between  the  bolt- 
holes. 

Bolt-holes,  f  in.  square,  6  in.  apart,  centre  to  centre. 

Bolts,  f  in.,  square  under  head. 

Hoops,  flat-iron,  4}  in.  by  f  in.  for  bottom  tier,  4^  in.  by  |  in. 
for  the  others,  with  jaws  and  tightening  screws. 

Joints,  \  in.  thick,  caulked  with  iron  cement. 
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Diameter,  110  ft.    Depth,  24  ft.  2  in. 

Plates,  bottom  or  ring,  8  ft.  10  in.  wide,  fin.  thick.    Inner  circle 

1  tiier  of  plates  only,  4  ft.  deep,  f  in.  thick  ;  strengthened  with 

2  horizontal  ribs,  2^  in.  broad  by  |  in.  thick  on  side  next  centre 
of  tank,  and  on  the  other  side  widi  2  vertical  brackets,  9  in.  at 
bottom,  diminishing  to  nothing  at  top,  f  in.  thick,  with  foot  on 
bottom  of  each,  9  in.  by  6  in.  by  f  in.  Outer  circle,  5  tiers, 
4  ft.  10  in.  deep,  and  1^  in.,  1  in.,  |  in.,  f  in.,  and  |  in.  thick 
respectively,  66  plates  in  the  circumference.  A  bearing  bracket 
cast  on  each  of  the  outside  plates,  2^  in.  below  centre,  and 
projecting  4  in.,  for  supporting  the  binding  hoops. 

Flanges,  8  in.  wide,  and  same  strength  as  the  respective  plates  ; 

brackets  between  the  bolt-holes. 
Bolt-holes,  I  in.  square,  6  in.  apart,  centres. 
Bolts,  i  in.,  square  under  head. 
Hoops,  flat-iron,  5  in.  by  f  in.  for  the  bottom  tier,  and  4^  in.  by 

f  in.  for  the  others,  with  suitable  jaws  and  tightening  screws. 
Joints,  i  in.  thick,  caulked  with  iron  cement. 

Wrought-Iron, 

Diameter,  127  ft.    Depth,  20  ft.  8  m. 

Annular  space,  8  ft.  9  in.  wide. 

Plates,  bottom  or  ring  plates  ^  inch  thick ;  sides  five  rows  deep ; 
first  and  second  row  of  plates  from  bottom  i  in.  thick ;  third 
and  fourth  rows,  7-16ths  in.  thick,  and  the  fifth  or  top  row 
I  in.  thick ;  li^  of  plates,  8  in. ;  the  top  of  the  inner  row  of 
plates  being  8  in.  lower  than  the  outer  row;  angle-iron  curbs 
in  bottom,  4  in.  by  4  in.,  by  f  in.  thick ;  the  i  in.  and  7-16ths  in. 
plates  riveted  with  i  in.  rivets,  2^  inches  apart,  and  the  f  in. 
plates  by  f  in.  rivets,  2  in.  apart. 

Curbs,  top  outer  curb  of  angle-iron  5  id.  by  5  in.  by  ^  in. ;  top 
inner  curb  of  angle-iron  8  in.  by  8  in.  by  J  in. ;  both  riveted 
with  f  in.  rivets,  6  in.  apart. 

Standards,  18,  box  form,  15  in.  by  9  in.,  of  f  in.  plates  on  three 
sides,  8  in.  by  8  in.  by  i  in.  angle-iron  to  secure  the  same  to  side 
sheets,  and  extending  round  the  bottom  of  the  standard  at  its 
lower  end,  and  6  in.  by  5  in.  by  f  in.  angle-iron  round  the  top 
to  form  a  base  for  the  columns,  all  riveted  at  6  in.  apart  with 
f  in.  rivets.    Two  of  these  standards  form  the  inlet  and  outlet 


166 


NBWBIGGING'S  HANDBOOK  FOE 


pipes,  for  which  purpose  they  are  continued  under  the  annular 
space  and  up  the  inside  of  the  inner  ring  of  side  sheets,  and 
riveted  with  f  in.  rivets  as  before,  but  only  2  in.  apart. 


THE  GASHOLDER. 

Tab  Holdkb  or  floating  vessel  (Fig.  95)  is  the  storage  reservoir  for 
the  gas,  and  it  serves  the  all-important  purpose  of  equalizing  the  dis- 
tribution of  the  gas  under  pressure,  and  ensures  an  unbroken  con- 
tinuity of  supply  so  long  as  any  gas  remains  in  it.  In  form  it  is 
invariably  cylindrical  like  a  beaker,  inverted,  and  works  freely  up  and 
down  in  the  tank.  To  keep  it  in  the  true  vertical  position  carriages 
are  fixed  on  the  top  and  bottom  of  the  vessel,  and  these  carry  rollers 
which  work  in  or  against  guide-rails  attached  to  the  tank  sides  and  to 
the  columns  or  standards. 

The  holder  may  be  either  single  (Pig.  95)  or  telescopic  (Fig.  96)  in 

two  or  more  lifts.  When  it  is 
made  in  the  telescopic  form, 
its  capacity  is  nearly  double  or 
treble  or  quadruple  (as  the  case 
may  be)  the  capacity  of  the 
single-lift  holder  for  equal 
dimensions  of  tank.  Ground 
space  and  capital  are  thus 
economized  by  its  adoption. 
Telescopic  holders  require 
great  care  in  construction 
and  working— :/?rse,  to  ensure 
accuracy  in  the  **  cupping  " 
of  the  water-lute  or  seal  (com- 
posed of  cup  and  grip),  and, 
second  J  to  prevent  the  water  in 
the  lute  from  freezing,  which 
i:z^^  endangers  the  action  of  the 
vessel,  or  causes  distortion, 
and  imperils  the  lighting  of 
the  district. 

Holders,  whether  single  or  telescopic,  are  counterbalanced  or  not, 
as  is  found  desirable  or  necessary.    Counterbalance  weights  are  not 


GAS   ENGINEEBS   AND  MANAGEES.  167 

required  where  an  exhaaster  on  the  one  hand,  and  a  governor  on  the 
other,  are  employed,  as  is  the  case  in  all  but  the  very  smallest  works. 
In  the  latter,  when  the  diameter  and  depth  of  the  holder  nearly 
approximate,  it  will  generally  be  found  of  advantage  to  reduce  the 
pressure  by  counterbalancing. 

'  The  crown  or  roof  of  a  holder  may  be  eithet  trussed  (Pig.  95),  or 
untrussed  (Fig.  96).  In  the  latter  case  the  top  curb,  being  witiiout 
radiating  struts,  requires  to  be  made  sufficiently  strong  to  resist  the 
pressure  of  the  gas  exerted  on  the  underside  of  the  roof  which  tends 
to  distort  the  curb.  A  framework  of  wood  or  iron  is  required  to  be 
erected  within  the  tank  to  support  the  untrussed  roof  when  the  holder 
is  empty  of  gas,  and  resting  on  the  landing  stones. 

The  usual  rise  given  to  the  roof  or  crown  of  a  holder  is  5  per  cent, 
or  one-twentieth  of  the  diameter. 

The  trussing  of  a  holder  is  in  principle  precisely  similar  to  that  of 
the  roof  of  a  building.  It  consists  of  a  crown  Plate  with  king  post  or 
centre  pillar,  having  the  main  T  rafters  radiating  therefrom  to  the  top 
curb,  usually  angle-steel  of  strong  section,  these  being  braced  with 
main  and  secondary  tie  rods  and  struts ;  secondary  rafters  extending 
from  the  curb  to  about  two-thirds  of  the  radius,  and  all  braced 
together  with  angle  or  flat-steel  purlins ;  the  whole  when  complete 
somewhat  resembling  a  spider's  web.  Opposite  each  column  and 
intermediately,  are  vertical  stays  reaching  from  the  top  to  the  bottom 
curb  and  secured  thereto. 

The  top  and  bottom  curbs  of  a  holder  are  its  most  important 
members,  and  should  be  carefully  designed,  both  as  regards  th 
strength  and  form,  to  resist  the  strains  to  which  they  are  subjected. 

The  lower  guide  framing  of  a  holder  consists  of  a  series  of  channel- 
irons  secured  by  Lewis  bolts  to  the  sides  of  the  tank,  one  in  a  vertical 
line  with  each  column  or  standard,  and  one  intermediately,  in  which 
the  rollers,  held  by  carriages  attached  to  the  bottom  curb,  revolve. 
In  the  case  of  telescope  holders,  each  outer  lift  also  carries  channel 
guides  attached  to  the  curbs,  top  and  bottom,  to  receive  the  rollers  of 
the  corresponding  inner  lifts. 

The  upper  guide  framing  may  either  be  composed  of  cast-iron 
columns,  or  wrought-iron  or  steel  standards,  with  back  and  front 
members  braced  together  by  lattice  bars,  and  having  a  channel  or  tee- 
iron  guide  in  front,  within  or  upon  which  the  guide  rollers  revolve. 
Tangential  rollers  are  also  sometimes  applied  to  vessels  of  large  size. 
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The  roller  carriages  are  attached  to  the  top  cnrb  and  roof  plates  (which 
are  made  thicker  at  these  points),  and,  in  the  case  of  telescopic  holders, 
to  the  top  of  the  grip. 

The  cast-iron  colunms  or  wroaght-iron  or  steel  standards,  are  braced 
together  by  a  series  of  wrougbt-iron  or  steel  girders  at  the  upper  end 
(Fig.  95),  and  also  intermediately  in  the  case  of  telescopic  holders 


Fig.  98. 

(Fig.  96).  Diagonal  wind  ties  of  round  wrought-iron  are  also  employed 
to  give  rigidity  to  the  framing  when  the  columns  or  standards  are  of 
considerable  height.     (Fig.  96.) 

Gasholders  with  the  upper  Quide-Framing  either  partially 
or  wholly  dispensed  with. — Mr.  6.  Livesey  first  introduced  at 
Botherhitbe  the  method  of  carrying  the  upper  lift  of  a  three-lift  holder 
beyond  the  guide  framing,  the  only  additions  made  in  this  case  being  the 
replacing  of  the  channel  guides  with  H-u^on  to  furnish  paths  for  the 
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combined  radial  and  tangential  rollers  on  the  grips  of  the  middle  and 
outer  lifts.  He  has  farther  extended  this  principle  at  East  Greenwich, 
where  the  two  upper  lifts  of  the  large  holders  rise  above  the  guide- 
framing. 

The  invention  of  Mr.  W.  Gadd  introduces  a  new  principle  of  guiding ; 
the  elevated  framing  being  entirely  dispensed  with,  and  the  vessel 
guided  from  the  bottom  curb.  The  channel  or  rail  guides,  which  may 
either  be  attached  to  the  tank  sides  (Pig.  97),  or  to  the  outside  of  the 
holder  (Pig.  98),  are  placed  at  an  angle  like  the  thread  of  a  screw, 
instead  of  in  the  vertical  plane.  The  rollers  upon  the  bottom  curb, 
or  upon  the  tank  coping  as  the  case  may  be,  are  ranged  either  radially 
or  tangentially  with  the  sides  of  the  vessel ;  and  as  they  work  in  the 
channels  or  rails  provided  for  them,  the  floating  vessel  rises  and 
descends  in  the  tank  with  a  helical  or  screw-like  motion. 

Mr.  E.  Lloyd  Pease  in  his 
ingenious  arrangement  of  wire 
ropes  and  pulleys  also  dis- 
penses with  the  upper  guide 
framing.  The  following  dia- 
grams (Pigs.  99  and  100) 
shew  the  principle  of  the 
arrangement  when  adapted 
to  a  single  lift  holder. 

As  will  be  seen,  three  ropes 
at  least  are  required.  These 
are  made  of  galvanized  steel- 
wire,  varying  in  size  from 
half  an  inch  upwards,  accord- 
ing to  the  size  of  holder. 
Each  rope  is  fastened,  as 
shewn,  to  brackets  A  and  E 
on  the  tank  and  passes 
over  the  pulleys  BCD 
carried  on  the  holder.  The 
pulleys  are  grooved. so  that 
the  rope  cannot  sUp  out  of 
place,  and  small  springs  are  used  to  keep  the  ropes  at  an  even 
tension.  The  ropes  act  independently  of  each  other,  so  that  in  case 
of  a  failure  only  one  rope  is  affected. 


Fig.  100. 
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Afr.  a.  Livesey's  Hydraulic  Seal  (Fig.  101),  for  attaching  to 
the  underside  of  the  roof  of  a  gasholder  over  the  inlet  and  outlet  pipes^ 


Fm.  lOL 
is  an  ingenious  device  for  allowing  access  to  the  pipes  without  having 
to  discharge  the  gas  contained  in  the  crown. 
Precautions  to  be  observed  in  the  Working  of  Gasholders. — 

Telescopic  holders  are  liable  in  winter  to  be  thrown  out  of  order  by 
the  freezing  of  the  water  in  the  cup  between  the  lifts.  When  the 
lower  lift  is  down,  the  upper  lift  in  its  progress  downward  rolls  the  ice 
and  snow  in  the  lute  into  lumps,  often,  if  not  removed,  throwing  the 
vessel  out  of  plumb,  and  even  fracturing  the  columns.  Great  care 
should  therefore  be  taken  to  keep  the  water-lute  clear ;  and  where 
steam  can  be  readily  applied,  it  is  of  the  utmost  service  in  accomplish- 
ing this  object  in  time  of  frost.  Appliances  of  various  kinds  have  been 
devised  for  preventing  the  freezing  of  the  water  in  gasholder  tanks 
and  cups,  by  admitting  steam  or  hot  water  at  intervals  round  the 
circumference  of  the  vessel. 

Another  important  precaution  is  to  keep  the  top  or  crown  of  the 
holder,  whether  single  or  telescope,  clear  of  snow,  especially  when  the 
latter  is  drifting.  Nothing  will  sooner  break  down  a  holder  and  its 
guide  framing  than  allowing  a  mass  of  snow  to  collect  and  lie  on  one 
side  of  the  roof. 

The  oscillation  of  a  telescope  holder  during  strong  winds  is  greater 
when  uncupped  than  when  the  lifts  are  joined.    Its  liability  to  damage 
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from  wind  is  also  greater  when  onoupped,  even  although  less  surfeMe 
is  presented  to  t)ie  wind's  action. 

The  sheeting  of  a  holder,  being  thin  and  the  portion  most  liable  to 
wear  out  by  oxidation,  should  be  coated  outside  at  least  onoe  a  year 
with  good  oxide  of  iron  or  other  suitable  paint.  All  rust  should  be 
removed  before  laying  on  the  paint,  and  for  this  purpose  the  sheets 
should  be  scrubbed  with  a  brush  made  of  short  steel  wires.  For  re- 
moving tar  a  steel  scraper  may  be  employed.  If  coating  with  tar  h& 
preferred  to  paint,  the  following  recipe  will  be  found  useful : 

1  gallon  of  tar. 

i  lb.  of  slaked  lime. 

i  lb.  of  pitch. 

i  lb.  of  tallow. 

i  pint  of  coal  naphtha. 

Dissolve  the  pitch  and  mix  the  lime  in  the  tar  by  heating  them  in  a 
boiler,  being  careful  not  to  boil  them ;  ladle  out  the  hot  liquid  into  a 
bucket,  and  then  add  the  tallow  and  the  naphtha.  Stir  the  mixture 
occasionally,  and  with  a  brush  paint  it  on  the  holder  before  it  grows 
oold. 

It  happens  not  unfrequently  that  the  roof  of  a  gasholder  becomes 
pitted  with  small  pin-holes  from  which  there  is  a  considerable  and 
constant  escape  of  gas.  This  may  arise  from  the  inferiority  of  the 
iron  in  the  first  instance ;  or  from  allowing  the  sheets  to  become 
oxidized  be£Dre  fixing ;  or  it  may  be  due  to  neglect  to  paint  the  vessel 
when  in  use.  In  districts  where  there  are  numerous  chemical  works, 
the  impurities  in  the  atmosphere  affect  the  sheets  in  this  manner. 
The  leaks  may  be  stopped  by  coating  the  roof  with  hot  tar,  and 
riddling  dry  sand  or  cement  over  it  through  a  sieve,  at  the  same  time 
rubbing  the  mixture  well  in  with  a  stiff  brush. 
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TABLE  OP  THE  WEIGHTS  OF  GASHOLDERS 

In  pounds  for  every  One-Tenth  o/  an  Inch  Maximum  Pressure,  and  from 
20  fo  200  Feet  in  Diameter. 


Weight  in 

Weight  in 

Weight  in 

Weight  In 

DiAxneter 

lbt.foreftoh 

Diameter 

lbs.  for  each 

Diameter 

lbi.foreaoh 

Diameter 

lb8.foreaoh 

of  Gat- 

On*-tenth 

of  erne- 

One-tenth 

of  Gas- 

One-tenth 

of  Gas- 

One-tenth 

holder  in 

of  an  Inch 

holder  In 

of  an  Inch 

holder  in 

of  an  Inch 

holder  in 

of  anineh 

Feet 

Pressore. 

Feet 

PresBure. 

Feet. 

Presenre* 

Feet. 

Preasore. 

20 

164 

63 

1149 

86 

3026 

119 

5798 

21 

181 

54 

1198 

87 

8097 

120 

5891 

22 

198 

65 

1288 

88 

8168 

121 

5990 

28 

217 

56 

1288 

89 

8241 

122 

6089 

24 

286 

67 

1829 

90 

8814 

128 

6189 

25 

256 

68 

1876 

91 

8388 

124 

6290 

26 

277 

69 

1424 

92 

8463 

125 

6393 

27 

298 

60 

1473 

93 

8688 

126 

6495 

28 

821 

61 

1622 

94 

8615 

127 

6598 

29 

344 

69 

1678 

95 

8692 

128 

6708 

80 

868 

63 

1624 

96 

8770 

129 

6808 

81 

893 

64 

1676 

97 

8849 

180 

6914 

82 

419 

66 

1729 

98 

8929 

131 

7021 

88 

446 

66 

1782 

99 

4010 

182 

7198 

34 

473 

67 

1837 

100 

4091 

183 

7287 

35 

601 

68 

1892 

101 

4178 

184 

7846 

36 

680 

69 

1948 

102 

4266 

185 

7466 

87 

660 

70 

2005 

108 

4340 

186 

7667 

38 

691 

71 

2062 

104 

4426 

187 

7678 

39 

622 

72 

2121 

105 

4610 

188 

7791 

40 

665 

73 

2180 

106 

4697 

189 

7904 

41 

688 

74 

2240 

107 

4684 

140 

8018 

42 

722 

75 

2801 

108 

4772 

141 

8183 

48 

767 

76 

2868 

109 

4861 

142 

8249 

44 

792 

77 

2426 

110 

4960 

148 

OOOV 

45 

828 

78 

2489 

111 

5041 

144 

8488 

46 

866 

79 

2668 

112 

5182 

145 

8601 

47 

904 

80 

2618 

118 

5224 

146 

8790 

48 

948 

81 

2684 

114 

5817 

147 

8840 

49 

982 

82 

2761 

116 

5410 

148 

8961 

60 

1028 

88 

2818 

116 

5506 

149 

9088 

51 

1064 

84 

2887 

117 

5680 

150 

9206 

52 

1106 

85 

2966 

118 

5696 

200 

16,864 

To  ascertain  the  WeigJu  of  a  GasJwlder  by  the  above  Table,  the 
Diameter  and  Maximum  Pressiwre  being  known. 

Bi7LB« — Multiply  the  nunlber  of  lbs.  standing  opposite  to  the  dia- 
meter by  the  pressure  in  tenths  of  an  inch. 

EzAMPUE. — What  is  the  weight  of  a  gasholder  78  feet  in  diametert 
^ving  a  maximum  pressure  of  82/lOths  ? 

2489  X  82  =  79,648  lbs.,  weight  of  gasholder. 
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To  ascertain^  by  the  preceding  Tdble^  the  Pressure  which  a  Gasholder  will 
give,  the  Diameter  and  Weight  being  known. 

BuLE. — Divide  the  weight  in  lbs.  of  the  gasholder  by  the  weight 
given  opposite  to  the  diameter. 

Example. — What  pressure  will  a  gasholder  give  whose  weight  is 
82,075  lbs.,  and  diameter  56  feet  ? 

82,075  -T-  1288  =  25/lOths,  maximum  pressure  of  gasholder. 

The  figures  given  in  the  foregoing  table  are  based  on  the  weight  of 
a  cubic  foot  of  water — viz.,  62*5  lbs. ;  a  column  of  water  1/lOth  of  an 
inch  high,  with  an  area  of  1  square  foot,  being  '52088  lbs.,  or  the 
120th  part. 

Thus,  if  the  area  of  the  holder  in  feet  (obtained  by  squaring  the 
diameter  and  multiplying  by  *7854)  be  multiplied  by  62*5,  the  weight 
of  a  cubic  foot  of  water  in  lbs.,  and  divided  by  120,  the  number  of 
lOths  of  an  inch  in  a  foot,  the  product  will  be  the  weight  of  the  holder 
in  lbs.  for  each  1/lOth  of  an  inch  maximum  pressure. 

Or  thus :  The  area  of  a  circle  is  to  the  square  of  its  diameter  as 
•7854  is  to  1 ;  hence  the  weight  of  a  gasholder  in  lbs.,  to  give  1/lOth 
of  an  inch  pressure,  is  to  the  square  of  its  diameter  in  feet  as 
'52088  X  *7854  is  to  unity ;  or,  which  is  the  same  thing,  as  *4091 
is  to  unity.  So  to  ascertain  the  weight  of  a  holder,  say,  100  feet 
diameter,  giving  a  maximum  pressure  of  85/lOths — 

100«  X  85  X  -4091  =  148,185  lbs.,  we%ht  of  gasholder. 
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TABLE 

<jHving  the  Gapaoitt  of  Gasholdbbs  in  Cubic  Feet  for  every  Foot  in 
Depths  and  from  20  to  150  Feet  in  Diameter^  advancing  Half  a  Foot 
at  a  Time. 


Oapaetty 

inOn^ 

OapMity 

0*pecit7 

Oftpeoity 

DUt- 

inOab. 

Di»- 

Dia. 

InOnb. 

Dift- 

inOnb. 

Dia. 

l?Oub. 

meter 

Fkfor 

meter 

Ft.  for 

meter 

Ft.  for 

meter 

Ft.  for 

meter 

Ft  for 

of 
Holder 

l^in 

of 
Holder 

Fbotin 

of 
Holder 

Foot  In 

of 
Holder 

every 
Foot  In 

of 
Holder 

Fo<Sln. 

inPt. 

Depth  of 
Holder. 

inFl 

Depth  of 
Holder. 

in  Ft. 

Depth  of 
Holder. 

In  Ft 

Depth  of 
Holder. 

in  Ft. 

Depth  of 
Holder. 

40 

1256-64 

62i 

8067-96 

84* 

6607-96 

106* 

8908-20 

128* 

12968-72 

40i 

1288-25 

68 

8117-25 

85 

5674-61 

107 

8992-04 

129 

18069-84 

41 

1820*25 

68* 

8166-92 

85* 

5741-47 

107* 

9076-27 

129* 

18171-86 

41i 

1852-65 

64 

8216-99 

86 

5808-81 

108 

9160-90 

180 

18273-26 

42 

1885-44 

64* 

8267-46 

86* 

5876-56 

108* 

9245-92 

ISO* 

18875-56 

m 

1418-62 

65 

8818-81 

87 

6944-09 

109 

9381-33 

131 

18478-24 

48 

1462-20 

66* 

8369-56 

87* 

6013-21 

109* 

9417-14 

181* 

18681-83 

48i 

1486-17 

66 

8421-20 

88 

608213 

110 

9503-34 

182 

18684*80 

44 

1620-68 

66* 

8478-28 

88* 

6151-44 

110* 

9589-98 

182* 

18788-67 

44i 

1555-28 

67 

8625-66 

89 

6221-15 

Ul 

9676-91 

188 

18892-94 

45 

1590-48 

67* 

8578-47 

89* 

6291-25 

111* 

9764-28 

183* 

18997-59 

46J 

1626-97 

68 

8681-68 

90 

6861-74 

112 

9862-05 

184 

14102*64 

46 

1661-90 

68* 

8685-29 

90* 

6432-62 

112* 

9940-21 

184* 

14208-08 

46) 

1698-28 

69 

8789-28 

91 

6503-89 

118 

10028-77 

185 

14818-91 

47 

1784-94 

69* 

8798-67 

91* 

6675-66 

113* 

10117-71 

185* 

14420*14 

47i 

1772-05 

70 

8848-46 

92 

6647-62 

114 

10207-05 

186 

14526-76 

48 

1809-56 

70* 

8903-68 

92* 

6720-07 

114* 

10296-79 

136* 

14638-76 

48J 

1847-45 

71 

3959-20 

98 

6792-92 

115 

10386-91 

187 

14741-17 

49 

1885-74 

71* 

4015  16 

93* 

6866-16 

115* 

10477-43 

137* 

14848-96 

49) 

1924-42 

72 

4071-61 

94 

6939-79 

116 

10668-84 

188 

14957  16 

50 

1968-50 

72* 

4128-25 

94* 

7013-81 

116* 

10659-64 

138* 

15065-73 

60i 

2002-96 

73 

4185-39 

96 

7088-23 

117 

10751-84 

139 

15174-71 

^1 

2042-82 

73* 

4242-92 

96* 

7163-04 

117* 

10848-42 

139* 

15284.08 

5U 

2088-07 

74 

4800-85 

96 

7238-24 

118 

10935-90 

140 

15398-84 

^2 

2128-72 

74* 

485916 

96* 

7313-84 

118* 

11028-78 

140* 

15503-99 

^2i 

2164-75 

75 

4417-87 

97 

7389-82 

119 

11122-04 

141 

15614-53 

68 

2206-18 

76* 

4476-97 

97* 

7466-20 

119* 

11215-70 

141* 

15725-47 

^3* 

224801 

76 

4686-47 

98 

7642-98 
7620-14 

120 

11309-76 

142 

15886-80 

M 

2290-22 

76* 

4596-85 

98* 

120* 

11404-20 

142* 

15948-62 

-64J 

2882-88 

77 

4656-63 

99 

7697-70 

121 

11499-04 

143 

16060-64 

55 

2875-88 

77* 

4717-80 

99* 

7776-66 

121* 

11594-28 

143* 

16173-15 

55i 

2419-22 

78 

4778-87 

100 

7854-00 

122 

11689-89 

144 

16286-05 

^6 

2463-01 

78* 

4889-83 

100* 

7982-78 

122* 

11785-90 

144* 

16899-34 

56J 

2607-19 

79 

4901-68 

101 

8011-86 

123 

11882-81 

145 

16518-08 

^7 

2551-76 

79* 

4963-92 

101* 

8091-88 

123* 

11979-11 

145* 

16627-11 

-67J 

2596-72 

80 

5026-56 

102 

8171-80 

124 

12076-81 

146 

16741-68 

68 

2642-08 

80* 

5089-58 

102* 

8251-60 

124* 

12173-89 

146* 

16866.46 

584 

2687-83 

81 

5163-00 

103 

8332-80 

125 

12271-87 

147 

16971-70 

69 

2788-97 

81* 

5216-82 

103* 

8413-40 

125* 

12370-24 

147* 

17087-35 

59i 

2780-51 

82 

5281-02 

104 

8494-88 

126 

12469-01 

148 

17203-40 

(iO 

2827-44 

82* 

5845-62 

104* 

8576-76 

126* 

12568-16 

148* 

17819-83 

60J 

2874-76 

88 

5410-62 

105 

8659-08 

127 

12667-71 

149 

17436-66 

61 

2922-47 

83* 

5476-00 

106* 

8741-69 

127* 

12767-65 

149* 

17663-88 

61* 

2970-67 

84 

5541-78 

106 

8824-76 

128 

12867-99 

150 

17671-50 

62 

8019-07 

1 
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Gasholder  Capacity.— The  holder  or  holders  should  be  of  capacity 
sufficient  to  contain  at  least  the  24  hours'  maximum  production  of  gas. 
An  excess  in  capacity,  though  not  absolutely  necessary,  is  found 
advantageous  in  point  of  convenience  and  economy,  where  the  rate  of 
<K)nsumption  is  liable  to  fluctuations  by  the  non-lighting  of  the  public 
lamps  during  the  hours  of  moonlight ;  and  where,  as  in  manufacturing 
iiowns  and  districts,  the  large  manu&ctories,  generally  the  heaviest  gas 
consumers,  being  closed  on  Saturday  nights  and  Sundays,  the  pro- 
duction for  these  two  days  (unless  Sunday  labour  is  partially  avoided) 
is  greatly  in  excess  of  the  consumption. 

'  There  can  be  no  doubt,  also,  that  abundant  gasholder  capacity  tends 
to  convenience,  and,  what  is  of  greater  importance,  to  economy,  in  gas 
manufacture,  especially  when,  as  is  now  frequently  the  case,  a  setting 
of  eight  and  nine  through  retorts,  heated  by  one  furnace,  embraces  as 
many  as  16  or  18  mouthpieces.  Unless  the  storage  capacity  is  very 
ample,  it  is  a  matter  of  difficulty  either  to  start  or  to  let  down  so 
many  mouthpieces  at  once. 

J>IM£NSIONS    OP    THE   PRINCIPAL   MATERIALS 
IN  GASHOLDERS  IN  ACTUAL  WORKING. 

Single  Gasholder, 

Diameter,  80  ft.    Depth,  15  ft. 

Boof  sheets.  No.  17  B.  wire  gauge. 
Side  sheets,  No.  18  B.  wire  gauge. 
Inlet  and  outlet  pipes,  6  in.  diam. 

Single  Gasholder, 

Diameter,  85  ft.    Depth  12  ft. 

Boof  sheets.  No.  15  B.  wire  gauge. 

Side  sheets.  No.  16  B.  wire  gauge. 

Grown  plate,  8  ft.  6  in.  diam.,  f  thick. 

4  main  and  4  secondary  bars,  of  8  in.  T-iron. 

Top  and  bottom  curbs,  of  8  in.  angle-iron. 

4  columns,  18  ft.  6  in.  long ;  diam.  at  base,  6  in. ;  at  top,  5^  in. 

4  holding-down  bolts  to  each  column,  4  ft.  long,  1  in.  round 

iron. 
Inlet  and  outlet  pipes,  8  in.  diam. 
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Single  Gasholder. 

Diameter,  40  ft.    Depth,  15  ft. 

Grown  plate,  8  ft.  5  in.  diam.,  f  in.  thick. 

Boof  sheets,  No.  14  B.  wire  gauge. 

Side  sheets,  top  and  bottom  tiers,  No.  14  B.  wire  gauge ;  all  the 

rest,  No.  15  B.  wire  gauge. 
Rivets  for  sheets,  i  in.  diam.,  1  in.  apart,  centre  to  centre. 
Rivets  for  top  curb,  i  in.  diam.,  1^  in.  apart,  centre  to  centre. 
Rivets   for   bottom    curb,    ^    in.    diam.,    6  in.    apart,   centre 

to  centre. 
Centre-pipe  of  cast-iron,  6  ft.  long,  4  in.  diam. 
Truss  cup,  cast-iron,  2  ft.  6  in.  diam. 
12  main  bars,  T-iron,  2^  x  2^  x  f  in. 
4  vertical  stays,  T-iron,  8  x  2^  x  f  in. 
Top  curb,  angle-iron,  8  x  8  x  f  in. 
Bottom  curb,  angle-iron,  8  x  8  x  f  in. 
4    columns,    17    ft.    long;    diam.    at    base,   9  in.;    diam.   at 

top,  7  in. 
8  holding-down  bolts  to  each  column,  7  ft.  long  each,  1}  in. 

diam. 
Girders  of  T-iron,  8  x  4  x  ^  in.,  trussed. 
Balance-weights,  40  cwt. ;  i  in.  chains. 
Inlet  and  outlet  pipes,  8  in.  diam. 

Single  Gasholder, 

Diameter,  44  ft.  6  in.    Depth,  20  ft. 
Rise  of  crown,  1  ft.  9  in. 
Grown  plate,  8  ft.  6  in.  diam.,  f  in.  thick. 
Roof  sheets,  inner  and  outer  circles.  No.  12  B.  wire  gauge ;  all 

the  rest.  No.  14. 
Side  sheets,  top  and  bottom  tiers,  No.  12  B.  wire  gauge  ;  the  rest, 

No.  17. 
Rivets  for  Nos.  12  and  14  sheets,  5-16ths  in.  diam. ;  for  No.  16 

sheets,  f  in.  diam. 
5  main  and  5  secondary  bearing  bars,  of  T-iron,  8  x  8  x  |  in. 
5  columns,  22  ft.  bug,  7  in.  diam.  at  base,  SJ  in.  diam.  at  top ; 

metal  ll-16ths  thick. 
4  holding-down  bolts,  16  ft.  long.  If  in.  square-iron. 
Inlet  and  outlet  pipes,  8  in.  diam. 
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Single  Gasholder, 

Diameter,  60  ft.    Depth  16  ft. 
Bise  of  crown,  2  ft.  6  in. 
Grown  plate,  8  ft.  diam.,  f  in.  thick. 
Boof  sheets,  inner  and  outer  circles.  No.  12  B.  wire  gange;  all 

the  others,  No.  14. 
Side  sheets,  top  and  bottom  tiers,  No.  14  B.  wire  gange ;  the 

others,  No.  16. 
Bivets,  i  in.  diam.,  1  in.  apart,  centres. 
Bivets  for  joining  sheets  to  angle-iron,  f  in.  diam.,  1^  in.  apart, 

centres.' 
Bivets  for  bottom  curb,  i  in.  diam.,  9  in.  apart,  centres. 
10  main  and  10  secondary  rafters,  of  T-iron,  8  x  3  x  f  in. 
Top  curb,  of  angle-iron,  8  x  8  x  f  in. 
Bottom  curb,  two  rings  of  angle-iron,  8  x  8  x  f  in.,   6  in* 

apart,  with  flat  bar  of  iron,  6  in.  wide  and  i  in.  thick,  between 

them. 
Centre  strut,  cast-iron  pipe,  9  ft.  long,  6  in.  external  diam.,  f  in. 

thick ;  bearing  flanges,  18  in.  diam..  If  in.  thick ;  outer  rim 

of  cup  strengthened  by  a  ring  of  S  C  and  crown-iron,  2  x  1  in., 

shrunk  on  hot. 
10  vertical  ribs,  T-iron,  8x8 xf  in.,  secured  to  top  and  bottom 

curbs  and  to  side  sheets. 
5  columns,  18  ft.  long  ;  diam.  at  base,  7  in. ;  diam.  at  top,  5  in. ; 

metal,  f  in.  thick. 
Suspension  chains,  i  in.  short  link,  tested  to  5  tons. 
Inlet  and  outlet  pipes,  10  in.  diam. 

Single  Gasholder, 
Diameter,  50  ft.    Depth,  20  ft. 
Bise  of  crown,  12  in. 
Boof  sheets.  No.  14  B.  wire  gauge. 
Side  sheets.  No.  15  B.  wire  gauge. 
Bivets,  1  in.  apart,  centres. 
Top  and  bottom  curbs,  8  in.  angle-iron. 
8  vertical  bars. 
8  columns,  26  ft.  long,  casfc  in  two  lengths  each  ;  12  in.  diam.  at 

base,  6  in.  diam.  at  top. 
Inlet  pipe  and  outlet  pipes,  10  in.  diam. 
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Single  Gasliolder, 

Diameter,  60  ft.    Depth,  17  ft. 
Rise  of  crown,  8  ft. 
Grown  plate,  4  ft.  diam.,  ^  in.  thick. 
Boof  sheets,  inner  and  outer  circles.  No.  18  B.  wire  gauge  ;  the 

rest.  No.  14. 
Side  sheets,  top  and  bottom  tiers,  No  14  B.  wire  gauge ;  the  rest 

No  16. 
Top  curb,  4  X  4  X  7-16th.  in.  angle-iron. 
Bottom  curb,  two  bars  of  8x8x|  in.  angle-iron,  placed  back  to 

back,  and  bar  of  flat-iron  riveted  to  the  bottom  with  ^  in. 

rivets. 
16   vertical   bars,  2^x2^xf  in.  T-iron,  riveted   to   top    and 

bottom  curbs  and  to  side  sheets. 
8  columns,  18  ft.  long ;  diam.  at  base,  6f  in. ;  at  top,  5^  in. ; 

metal,  f  in.  thick. 
Inlet  and  outlet  pipes,  12  in.  diam. 

Single  Gasholder, 

Diameter,  60  ft.    Depth,  18  ft. 

Boof  sheets,  inner  and  outer  circles.  No.  18  B.  wire  gauge ;  the 

others.  No.  14. 
Side  sheets,  top  and  bottom  tiers,  No.  14  B.  wire  gauge ;  the 

others,  No.  15. 
Top  curb,  4  X  4  X  J  in.  angle-iron. 
Bottom  curb,  formed  of  two  bars  of  angle-iron,  4x4xi   in., 

riveted  back  to  back  with  \  in.  rivets  12  in.  apart,  centres. 
14  vertical  bars,  4  x  8  x  ^  in.  T-iron. 
7  columns,  19  ft.  6  in.  long  each. 
Inlet  and  outlet  pipes,  12  in.  diam. 

Single  Gasholder, 

Diameter,  81  ft.  8  in.    Depth,  20  ft.  6  in. 
Bise  of  crown,  8  ft. 
Crown  plate,  4  ft.  diam.,  \  in.  thick. 
Boof  sheets,  inner  and  outer  circles.  No.  10 ;  all  the  rest,  No. 

14  B.  wire  gauge. 
Side  sheets,  top  and  bottom  tiers,  No.  14 ;  all  the  rest.  No.  16  B. 
wire  gauge. 
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Bivet8»  i  in.  diam.,  1  in.  apart,  centres. 

16  main  rafters,  5x8x^in.  T-iron. 

16  secondary  rafters,  4  x  i  in.  flat-iron,  placed  on  edge. 

Centre  stmt,  cast-iron  pipe,  9  ft.  long,  7  in.  external  diam.,  1  in. 

thick ;  flanges,  18  in.  diam.,  1}  in.  thick ;  cup  strengthened  by 

a  hoop  2  X 1  in.  S  G  iron,  shrank  on  hot. 
Tension  rods,  long  Qneen  bolts,  short  <3ueen  bolts,  long  sns- 

penders,  short  suspenders,  16  in  number  each,  of  1}  in.,  1^  in., 

If  in.,  1  in.,  and  f  in.  round-iron  respectively. 
Top  curb,  of  angle-iron,  4  x  4  x  i  in. 
Bottom  curb,  of  angle-iron,  4x4xi  in.,  with  bar  of  flat-iron, 

6 xf  in.  between,  and  riveted  with  f  in.  rivets,  12  in.  apart. 
12  vertical  bars,  4  x  6  x  f  in.  T-iron. 
Inlet  and  outlet  pipes,  14  in.  diam. 

Single  GasJwlder, 

Diameter,  87  ft.    Depth,  20  ft. 
Bise  of  crown,  4  ft. 

2  crown  plates,  4  ft.  diam.,  i  in.  thick. 
Boof  sheets,  inner  and  outer  circles.  No.  12 ;  the  rest.  No.  14  B. 

wire  gauge,  except  9  sheets  upon  which  the  sliding  carriages 

are  fixed.  No.  7  B.  wire  gauge. 
Bide  sheets,  top  and  bottom  tiers.  No.  12 ;  all  the  remainder.  No. 

14  B.  wire  gauge. 
Bivets,  5-16ths  in  diam.,  1  in.  apart,  centres. 
Centre-pipe  of  wrought-iron,  12  ft.  long,  12  in.  diam. 
Truss  cup,  wrought-iron,  8  ft.  diam.,  f  in.  thick. 
18  main  bars,  T-iron,  4  x  8  x  i  in. 
18  secondary  bars,  T-iron,  8  x  8  x  i  in. 
9  rings  or  purlins  of  bracket  bars,  the  middle  purlin  of  angle-iron 

8f  X  8f  X  i  in.,  the  remainder  of  flat-iron  2  x  i  in.,  secured 

to  main  and  secondary  bars  with  f  in.  bolts. 
18  principal  tension  rods,  1}  in.  diam. 
86  diagonal  tension  rods,  { in.  diam. 
86  truss  bars ;  18  of  1^  in.  diam.,  18  of  If  in.  diam. 
Top  curb,  2  rings  of  angle-iron,  8f  x  8f  x  f  in. 
Bottom  curb,  2  rings  of  angle-iron,  8^  x  8f  x  i  in. 
18  vertical  truss  bars,  T-iron,  8f  x  d|  x  f  in. 

M  2 
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9  columns,  22  ft.  long  each,  14  in.  diam.  atbasei  11  in.  at  top. 
4  holding-down  bolts,  8  ft.  long,  1^  in.  diam. 
Inlet  And  outlet  pipes,  16  in.  diam. 

Single  (rasholder. 

Diameter,  100  ft.    Depth,  20  ft. 
Bise  of  crown,  5  fL 

2  crown  plates,  5  ft.  diam.,  f  in.  thick. 
Boof  sheets,  inner  and  outer  circles.  No.  10 ;   the  remainder,  No. 

12  B.  wire  gauge,  except  carriage  sheetsi  ^  in.  thick. 
Side  sheets,  top  and  bottom  tiers,  No.  9 ;  the  remainder.  No.  12 

B.  wire  gauge. 
Biyets,  5-16ths  in.  diam.^  1  in.  apart,  centres. 
Centre-pipe  of  wrought-iron,  14  ft.  loiig>  24  in.  diam.,  5-16ths  in. 

thick. 
18  main  and  18  secondary  bars. 
Top  curb,  2  rings  of  angle-iron,  4  x  4  x  7-16ths  in. 
Bottom  curb,  2  rings  of  angle-iron,  4  x  4  x  7-16ths  in.,  and  tv 

flat  bar  of  wrought-iron,  6  X  f  in. 
18  vertical  bars,  T-iron,  4  x  4  x  J  in. 
9  columns,  24  ft.  long,  24  in.  diam.  at  base,  18  in.  diam.  at  top^ 

1^  to  1  in.  metals. 
4  holding-down  bolts,  8  feet  long,  1^  in.  diam. 
Inlet  and  outlet  pipes,  18  in.  diam. 

Single  Gasholder, 

Diameter,  110  ft.    Depth,  26  ft. 
Bise  of  crown,  5  ft.  6  in. 
Grown  plates,  4  ft.  diam, ;  f  in.  thick. 
Boof  sheets,  row  nezt  centre  and  outer  row  next  curb,  i  in.  thick ; 

second  row  from  centre,  ^  in.  thick  ;  and  second  row  next  curb, 

8-16ths  in.  thick  ;  the  remainder,  No.  12  B.  wire  gauge. 
Side  sheets,  top  and  bottom  rows,  i  in.  thick ;  next  row  to  each, 

8-16ths  in.  thick ;  .the  remainder.  No.  12  B.  wire  gauge. 
Biyets,  i  in.  and  d-16tbs  in.  plates,  f  in.  rivete,  2in.  centres  ;  the 

I  in.  apd  No.  12  B.  wire  gauge  sheets  5-16ths  in.  rivets,  1^  in. 

centres ;  ^  in.  plates  and  curb  f  in.  rivets,  2  in.  centres. 
Top  curb  of  2  angle-irons  5  x  4  x  ^  in. 
Bottom  cuibof  2  angle-irons  4  x  4  x  ^  in. 
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Yertioal  stays,  14,  of  2  angle-irons  8  x  8  x  ^  in.,  and  a  piece  of 

timber  12  in.  x  4  in.  bolted  between. 
Centre  pipe  of  i  in.  plate,  2  ft.  diam. 
Main  rafters,  28,  of  T-iron  5  x  B  x  i  in. 
Purlins,  of  T-iron  8  x  4  x  i  in.,  and  remainder  of  angle-iron 

8  X  8  X  f  in. 
Stmts,  8,  on  main  rafters  1^  and  H  in.  diam. 
Tie  rod,  principal  If  in.  diam.,  second  1^  in.  diam.,  and  third 

1  in.  diam. 
Columns,  14,  of  cast-iron  1  ft.  6  in.  in  diam.  at  bottom,  1  ft.  2  in. 

at  top ;  metal  i  in.  at  bottom,  diminishing  to  |  in.  thick  at 

top. 
Holding-down  bolts,  4^  1^  in.  diam.,  20  ft.  long. 
Lattice  girders,  14,  1  ft.  6  in.  deep,  of  two  frames  of  angle-iron, 

8  X   8  X  i  in.,  and  braces  2J  X  f  inch  riveted  between,  top 

and  bottom  of  girder  covered  with  a  plate  10  in.  wide  by  f  in. 

thick. 
Inlet  and  outlet  pipes,  20  in.  diam. 

Single  GasJiolder. 

Diameter,  142  ft.    Depth,  55  ft. 

Boof,  without  trussing  or  framework. 

Boof  sheets,  first,  or  outside  circle,  8  ft.  long,  f  in.'  thick  ;  rivets 
I  in.  diam.,  2^  in.  apart,  centres.  Second  circle,  8  ft.  long, 
i  in.  thick;  rivets,  9-16ths  in  diam.,  2^  in.  apart,  centres ;  centre 
sheets,  forming  a  circle,  BO  ft.  diam.,  f  inch  thick,  butted  and 
riveted  to  each  other  by  lapping  pieces,  8^  in.  wide  ;  rivets 
9-16ths  in.  diam.  ;  remainder  of  roof  sheets,  5  ft.  long, 
8-16ths  in.  (No.  7  B.  wire  gauge)  thick ;  rivets,  f  in.  diam., 
H  in.  apart,  centres. 

Side  sheets,  top  and  bottom  tiers,  i  in.  thick ;  rivets,  ^  in.  diam., 
1^  in.  apart,  centres.  Intervening  side  sheets.  No.  10  B.  wire 
gauge  ;  rivets,  f  in.  diam.,  1^  in.  apart,  centres. 

Top  curb,  a  circular  chamber  or  girder,  in  section  nearly  rectan- 
gular, outer  depth,  18  in.;  inner  depth,  19^  in. ;  width,  2  ft.  6  in.; 
constructed  of  4  x  4  x  i  in.  angle-iron. 

Bottom  curb,  formed  of  two  circles  of  f  in.  boiler  plates,  12  in. 
wide,  each  riveted  to  a  circle  of  angle-iron,  4  x  4  x  i  in. 
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82  Tertioal  stayfl,  three  aides  of  a  reotftngalar  figure,  12  in.  wide^ 
10  in.  deep  ;  formed  of  4  angle-irons  8  x  8  x  f  in.  and  i  in. 
boiler-plate. 

16  columns,  diam.  at  base,  8  ft. ;  at  top,  2  ft.  8  in.  ;  metal,  f  in» 
to  f  in.  thiok. 

4  holding-down  bolts,  10  ft.  long,  2^  in.  round-iron. 

Inlet  and  outlet  pipes,  80  in.  diam. 

TwO'li/t  Telescopic  Gasholder, 

Diameter  of  outer  lift,  44^  ft.    Depth,  16  ft. 
Diameter  of  inner  lift,  48  ft.    Depth,  16  ft. 

Bise  of  crown,  1  ft.  9  in. 

Crown  plate,  8  ft.  6  in.  diam.,  f  in.  thick. 

Boof  sheete,  inner  and  outer  circles,  No.  12  ;  all  the  rest.  No.  14 
B.  wire  gauge. 

Side  sheets  in  both  lifts,  top  and  bottom  tiers.  No.  12 ;  all  the 
rest  No.  16  B.  wire  gauge. 

Bivets  for  Nos.  12  and  14  sheets,  5-16ths  in.  diam. ;  for  No.  16 
sheets,  f  in.  diam. 

Gup,  inner  lift,  formed  by  2  rings  of  2^  x  2^  x  5-16ths  in.  angle- 
iron,  connected  together  with  No.  8  plates,  with  side  of  No.  10 
plate,  and  a  ring  If  x  ^  in.  half-round  iron,  riveted  round. 

Grip,  outer  lift,  the  counterpart  of  the  cup  inverted. 

Main-bearing  bars,  T-iron,  8  x  8  x  ^  in. 

Secondary  bearing  bars,  T-iron,  8  x  8  x  f  in. 

6  vertical  bars,  inner  lift,  Tiron,  2^  x  2^  x    f  in. 

6  vertical  bars,  outer  lift,  T-iron,  2^  x  li  X  f  i^* 

Bottom  curb,  angle -iron,  double,  8  x  8  x  f  in. 

6  columns,  12  in.  diam.  at  base,  10  in.  at  top  ;  metal,  1  in.  to  f  in. 
thick. 

Inlet  and  outlet  pipes,  10  in.  diam. 

Two-lift  Telescopic  Oasliolder, 
Diameter,  outer  lift,  87  ft.    Depth,  20  ft. 
Diameter,  inner  lift,  85  ft.    Depth,  20^  ft. 
Bise  of  crown,  4  ft. 

2  <»rown  plates,  4  ft.  diam.,  i  in.  thick. 

Boof  sheets,  inner  and  outer  circles.  No.  12 ;  the  rest,  No.  14  B. 
wire  gauge,  except  9  sheete  upon  which  the  carriages  are  fixed, 
No.  7  B.  wire  gauge. 
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Side  sheets,  top  and  bottom  tiers,  both  lifts,  No.  12  ;  all  the  rest, 

'  No.  14  B.  wire  gauge. 
Bivets,  5-16tbs  in.  diam.,  1  in.  apart,  centres. 
Hydraulic  cup  and  dip,  7  in.  wide,  16  in.  deep. 
Centre-pipe  of  wrought-iron,  12  ft.  long,  12  in.  diam. 
Truss  cup,  wrought-iron,  3  ft.  diam.,  f  in.  thick. 
18  main  bars,  T-iron,  4  x  8  x  i  in. 
18  secondary  bars,  T-iron,  8  x  3  x  ^  in. 
9  rings  or  purlins  of  bracket  bars,  the  middle  purlin  of  angle-iron, 

8^  X  3^  X  i  in.,  the  remainder  of  flat-iron,  2  x  }  in.,  secured 

to  main  and  secondary  bars  with  f  in.  bolts. 
18  principal  tension  rods.  If  in.,  diam. 
86  diagonal  tension  rods,  ^  in.  diam. 
86  truss  bars ;  18  of  If  in.  diam.,  18  of  If  in.  diam. 
Bottom  curb,  2  rings  of  angle-iron,  3f  x  3f  x  f  in. 
18  vertical  truss  bars,  T-iron,  8f  x  3f  x  f  in. 
9  columns,  41  ft.  long,  30  in.  diam.  at  base,  20  in.  at  top.  If  to 

f  in.  metal,  cast  in  4  lengths. 
4  holding-down  bolts,  8  ft.  long,  If  in.  diam. 
Inlet  and  outlet  pipes,  18  in.  diam. 


Two-lift  Telescopic  GasJiolder, 

Diameter,  outer  lift,  100  ft.    Depth,  22  ft. 
Diameter,  inner  lift,  98  ft.     Depth,  22  ft. 

Roof  sheets,  No.  11  B.  wire  gauge. 

Side  sheets,  top  tier,  to  be  No.  11 ;  all  the  others  No.  12  B.  wire 
gauge. 

Rivets,  f  in.  diam.,  1  in.  apart,  centres. 

Hydraulic  joint,  8  in.  wide,  15  in.  deep.  No.  10  B.  wire  gauge ; 
top  edge  of  cup  and  bottom  each  of  dip  bound  by  half-round 
iron  2  X  1  in.  thick. 

Bottom  curb,  augle-iron,  4  x  1  in.  at  the  root,  and  ring  of  bar- 
iron  4  X  1  in. 

12  columns,  24  in.  diam.  at  base,  16  in.  at  top ;  metal  If  to  1  in. 
thick. 

4  holding-down  bolts,  10  ft.  long,  2  in.  square-iron. 

Inlet  and  outlet  pipes,  24  in.  diam. 
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Two4ift  Telescopic  Oasfwlder. 
Diameter,  outer  lift,  102  ft.    Depth,  22  ft. 
Diameter,  inner  lift,  100  ft.    Depth,  22^  ft. 
Bise  of  crown,  4  ft. 
Grown  plate,  5  ft.  diam.,  |  in.  thick. 
Boof  sheets,  first  ring  next  centre.  No.  9  ;  next  and  outer  rings. 

No.  11 ;  all  the  rest.  No.  12  B.  wire  gauge. 
Side  sheets,  outer  lift,  top  and  bottom  tiers,  No.  11 ;  all  the  rest. 

No.  18  B.  wire  gauge.    Inner  lift,  top  and  bottom  tiers.  No. 

18;  all  the  rest.  No.  17  B.  wire  gauge. 
Gup  and  grip,  8  in.  wide,  15  in.  deep,  of  angle-iron  8  x  8  x  |  in. ; 

plate.  No.  7  B.  wire  gauge ;  edges  stiffened  with  1^  x  f  in. 

half-round-iron  ;  i  in.  rivets,  6  in.  apart. 
10  columns,  18  in.  diam.  at  base,  14  in.  at  top ;  metal  1}  to  fin. 

thick,  cast  in  4  lengths. 
4  holding-down  bolts, .8  ft*  long,  2  in.  square  wrought- iron. 
Inlet  and  outlet  pipes,  24  in.  diam. 

Two-lift  Telescopic  GasJiolder. 
Diameter,  outer  lift,  112  ft.    Depth,  26  ft. 
Diameter,  inner  lift,  110  ft.    Depth,  26  ft. 
Bise  of  crown,  6  ft. 
Boof,  trussed. 
Boof  sheets,  centre  plate  i  in.  thick,   next  row  i  in.,  next, 

8-16ths  in. ;   outer  row,  }  in. ;  next,  8-16ths   in. ;   and  the 

intermediate  7  rows,  |  in.  thick. 
Side  sheets,  8-16ths  in.  thick  top  and  bottom  rows ;  remainder. 

No.  12  B.  wire  gauge ;  the  cup,  8  in.  x  18  in.,  is  formed  of 

2  rings  of  8  x  8  x  f  in.  angle-iron,  bottom  and  sides  being  }  in. 

plate,  haying  2  x  1  in.  half-round  bead  at  edge  of  plate. 
Top  curb,  of  two  rings  of  angle-iron  5  x  8  J  x  i  in. 
Bottom  curb,  of  2  rings  angle-iron  5  x  8  x  i  in.  placed  9  in. 

apart,  between  which  bottom  roller  carriages  are  secured. 
Vertical  stays,  inner  lift,  28,  14  of  which  are  of  2  angle-irons 

8  X  8  X  i  in.  riveted  on  each  side  to  a  web  plate  9  in.  wide 

and  }  in.  thick  ;  the  remaining  14  being  of  T-iron  5  x  8^  in. 

trussed  with  three  struts  and  a  tie  rod.     Outer  lift  has  28 

vertical  stays  of  f  in.  guard-iron  5  in.  wide,  against  which  the 

guide  pieces  on  the  cup  slide. 
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Centre  oolumn,  17  ft.  6  in.  long  and  2  ffc.  diam.  of  wronght- 
iron  plates  f  in.  thick,  f  in.  rivets,  2^  in.  pitch;  this 
is  secored  to  the  under  crown  plate,  which  is  4  ft.  in  diam., 
by  a  ring  of  angle-iron  6  x  4  x  ^  in.  and  f  in.  rivets ; 
at  the  lower  end  of  the  column  are  2  rings  of  angle-iron, 
5  X  4  X  f  in.,  placed  8^  in.  apart  to  form  a  jaw  to  receive 
ends  of  tension  rods. 

Main  rafters,  14,  of  T-iron,  4  x  5  x  ^  in.,  trussed  with  six 
wrought-iron  struts  1^,  1^,  and  If  in.  diam.,  and  a  1^  in. 
diam.  tension  rod.  Fourteen  main  tie  rods  of  If  in.  round- 
iron,  extending  from  curb  to  bottom  of  centre  column, 
and  suspended  in  two  places  from  the  main  rafters  with 
^  in.  round  rods;  the  main  tie  rods  and  the  tension 
rods  have  each  a  wrought-iron  coupling  box  with  right 
and  left  hand  threads. 

Secondary  rafters,  14,  T-iron,  3  x  6  x  ^  in.,  trussed  as  above, 
with  four  struts  If  and  1^  in.  diam.,  tension  rod  If  in  diam. 
with  coupling  box;  these  rafters  extend  from  curb  to  within 
21  ft.  of  the  centre  of  holder,  the  inner  ends  being  secured  to  a 
main  brace  bar  or  purlin. 

Purlins,  7  rows  between  side  and  centre.  The  main  purlin  men- 
tioned above  is  4f  x  4f  x  9-16ths  in. ;  the  one  next  curb, 
4  X  8  X  f  in.;  and  the  remainder,  8  x  8  x  f  in.;  all  of 
T-iron. 

Columns,  14,  of  cast-iron,  2  ft.  6  in.  diameter  at  bottom,  2  ft.  at 
top,  and  55  ft.  8  in.  high,  surmounted  with  a  large  ball  80  in. 
diam.,  with  spiked  finial. 

Girders,  2  rows,  each  2  ft.  deep,  and  10  in.  wide,  of  4  angle-irons 
8  X  8  X  fin.,  with  plate  lOxf  in.  top  and  bottom  diagonal 
braces  8  x  f  in.,  at  the  intersection  of  which  is  a  cast-iron 
spiked  ball  in  two  halves,  17  in.  diam.  across  spikes. 

Holding-down  bolts,  4,  2  in.  diam.,  11  ft.  6  in.  long. 

Inlet  and  outlet  pipes,  24  in.  diam. 

Two-lift  Telescopic  Gasholder, 

Diameter,  outer  lift,  120  ft.    Depth,  24  ft. 
Diameter,  inner  lift,  118  ft.    Depth,  24  ft. 

Bise  of  crown,  6  ft. 

Boof,  untrussed,  resting  when  down  on  timber  framing  in  tank. 
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Boof  sheets,  first  or  outside  rows,  f  in.  thick ;  second  row,  i  in. 
third  row,  8-16ths  in. ;  fourth  row,  No.  8  B.  wire  gauge ;  crown 
plates,  i  in.  thick  and  6  ft.  in  diam. ;  inside  row,  next  crown 
plate,  8-16ths  in. ;  next.  No.  8  B.  wire  gauge ;  and  the  remain- 
ing 10  rows  of  intermediate  sheets,  No.  11  B.  wire  gauge. 

Side  sheets,  inner  lift,  12  courses  high  ;  top  and  bottom  course, 
i  in.  thick  ;  second  course  at  top,  8-16th8  in. ;  and  the  re- 
mainder. No.  12  B.  wire  gauge. 

Side  sheets,  outer  lift,  12  courses  high ;  top  and  bottom  course, 
i  in.  thick ;  second  course  at  bottom,  8-16ths  in. ;  and  the  re- 
mainder, No.  12  B.  wire  gauge.  The  thicker  sheets  in  both 
inner  and  outer  lift,  riveted  together  with  f  in.  rivets,  1}  in. 
apart  centres,  and  the  others  with  5-16ths  in.  rivets,  1^  in. 
apart,  centres. 

Top  curb,  of  2  angle-irons,  one  at  junction  of  roof  with  side 
sheets,  5  x  5  x  f  in.,  and  the  other  at  the  inner  edge  of  outer 
row  of  sheets,  4  x  4  x  ^  in. ;  the  two  stiffened  by  gusset- 
pieces  springing  from  the  vertical  stays. 

Bottom  curb,  of  two  5  x  4  x  f  in. ;  angle-irons,  riveted  to  the 
outside  of  the  lower  row  of  sheets,  with  f  in.  rivets,  6  in.  apart. 
Between  these  two  curbs,  which  are  placed  2  in.  apart,  are  fixed 
the  28  guide  carriages  and  rollers. 

Cup  and  grip  formed  of  rolled  channel-iron  8  x  8J  x  i  in.  riveted 
to  the  side  sheets  and  rising  and  dip  plates,  with  i  in.  rivets  4  in. 
apart.  A  half-round  bead  2  x  f  in.  being  riveted  to  edge 
of  rising  plates,  which  are  f  in.  thick  and  18  in.  deep. 

Vertical  stays,  28,  formed  of  two  4  x  4  x  4  in.  angle-irons  and 
a  web-plate  between,  f  in.  thick  and  9  in.  wide,  secured  with 
f  ia  rivets,  6  in.  apart ;  at  the  upper  end  of  these  is  attached 
a  gusset-plate  with  angle-iron  edges  8  x  8  x  f  in.,  extending 
to  the  inner  angle-iron  curb  of  roof,  to  which  and  the  outer 
curb  it  is  riveted. 

Standards  14,  in  the  form  of  the  letter  T,  4  ft.  2  in.  x  8  ft.  at 
bottom,  tapering  to  1  ft.  9  in.  each  way  at  the  top ;  each 
standard  51  ft.  high.  Between  the  angle  iron  framework  of  the 
standards  is  cast-iron  trellis  work,  1  in.  thick,  on  one  of  its  sides, 
and  wrought-iron  lattice  work  on  the  other  ;  the  standards  are 
secured  to  cast-iron  hollow  base  plates  6  in.  deep ;  4  holding- 
down  bolts  to  each  standard,  11  ft.  6  in.  long,  2}  in.  diam. 
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Lattice  girders,  2  rows  in  the  height ;  first  or  lower  row,. 
27  in.  deep ;  top  row,  80  in.  deep ;  formed  of  4  angle-irons, 
8  X  8  X  i  in.  wronght-iron  tension  bam,  8  x  ^  in.,  and 
cast-iron  stmts. 

Inlet  and  outlet  pipes,  24  in.  diam. 

Two-lift  Telescopic  Oasholder, 

Diameter,  outer  lift,  151  ft.  6  in.    Depth,  40  ft. 
Diameter,  inner  lift,  149  ft.    Depth,  40  ft.  8  in. 

Grown  trussed,  rise  8  ft. 

Boof  sheets,  outer  row,  5-16ths  in. ;  next  row,  8-16ths  in. ;  and 
the  remainder  No.  10  B.  wire  gauge,  two  centre  plates  |  in. 
thick  and  4  ft.  6  in.  diam. 

Side  sheets,  top  and  bottom  rows  in  both  lifts  i  in.  thick,  the 
remainder  No.  11  B.  wire  gauge,  i  in.  rivets,  1  in.  centre ;  cup 
and  grip  10  in.  wide  and  20  in.  deep,  Piggot's  form;  plaites  f  in. 
thick,  strengthened  at  edges  with  bead-iron. 

Top  curb,  of  2  rings  of  angle-iron  5  x  6  x  i  in.,  placed  one 
above  the  other ;  the  lower  one  is  secured  to  a  flat  bar  10  in. 
wide  and  i  in.  thick,  which  is  again  connected  by  straps  4  in. 
wide  and  i  in.  thick  to  the  top  row  of  sheets. 

Bottom  curb,  of  2  rings  of  angle-iron  5  x  4  x  f  in.  riveted  to 
the  outside  of  the  bottom  of  row  of  sheets  with  f  in.  rivets. 
Between  these  two  rings  are  fixed  the  bottom  guide  roller 
carriages. 

Vertical  stays,  82  in  top  lift  of  H-iron  12  in.  deep,  and  82  in 
bottom  lift,  of  channel-iron  8  x  2}  X  i  in.,  attached  to  sheets, 
cups,  and  curbs  with  f  in.  bolts  in  upper  lift,  and  f  in.  screwed 
pins  in  lower  lift. 

Centre  column,  8  ft.  6  in.  diam.,  22  ft.  long,  of  plates  7-16th8  in. 
thick. 

Boof  framing,  24  main  radial  T-iron  bars  6  x  4  x  ^  in.  curved 
to  roof,  each  with  a  main  tension  rod  2  in.  in  diameter  at  curb, 
and  reduced  to  1^  in.  at  the  foot  of  centre  column,  and  having 
a  coupling  box  with  right  and  left  hand  threads,  4  struts  and 
4  tension  rods  form  the  bracing  to  each  main  bar,  the  former  of 
cross-iron  4  x  4^  X  f  in.  placed  vertically,  and  the  latter  of 
1, 1^,  1},  and  If  in.  round  iron  placed  diagonally,  the  strongest 
section  being  nearest  the  centre  column ;  48  secondary  radial 
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bara  of  4  x  ^  in«  flat-iron,  thai  ia,  2  equidistant  between  the 
main  radial  barsy  and  extending  from  tc^  curb  towards  centre 
a  distance  of  20  ft.,  and  then  for  a  further  distance  of  16  ft., 
in  direction  of  the  centre,  another  bar  of  the  sune  dimensions 
is  fixed.  17  rings  or  rows  of  purlins,  divided  equally  from  curb 
to  centre,  are  fixed  between  main  and  secondary  bars ;  the  first 
row  from  centre  being  of  6  x  ^  in.  flat-iron ;  next  4  rows  of 
angle-iron,  1^  x  1^  X  }  in. ;  next  row  of  angle-iron  2  x  2  x 
^  in. ;  next  row  of  T-iron  8  x  6  x  ^  in. ;  next  2  rows,  which 
are  subdivided  in  length  by  the  secondary  radial  bars  above 
mentioned,  are  of  angle-iron  1^  X  1^  X  }  in. ;  next  row 
extending  from  main  bar  to  main  bar  is  of  I-iron  8  x  6  x  ^in. ; 
next  two  rows  are  divided  in  8  lengths  between  main  bars 
by  the  two  secondary  bars,  and  are  of  1^  x  1^  X  ^  in.  angle- 
iron  ;  next  row  extending  from  main  to  main  is  of  T-iron, 
4  X  6  X  i  in. ;  next  row  divided  in  8  lengths  as  before  of 
1^  X  1^  X  i  in.  angle-iron,  and  the  remaining  2  rows  divided 
in  8  as  before  of  2  x  2  x  i  in.  angle-iron ;  8  bars  of  flat-iron 
2^  X  f  in.  cross  diagonally  in  each  bay  formed  by  the  two 
main  bars. 

Columns,  16,  of  cast-iron,  88  ft.  high,  8  ffe.  in  diam.  at  base,  and 
2  ft.  8  in.  at  top,  metal  1  in.  thick;  cast-iron  channel  guide  up 
the  column,  5  x  8  in.  inside  measure,  weighing  56  lbs.  per  foot. 

Girders,  16,  at  top  4  ft.  deep,  7  in.  wide,  of  4  angle-irons  8x8 
X  f  in.  and  a  top  and  bottom  plate  7  in.  wide  by  |  in.  thick  ; 
diagonal  brace  bars  4  x  |  in. ;  16  intermediate  girders  8  ft.  6  in. 
deep,  6  in.  wide,  of  4  angle-irons  2^  x  2^  x  f  in.,  and  top 
and  bottom  plates  6  in.  wide  by  f  in.  thick,  diagonal  brace  bars 
8  X  f  in. ;  at  the  intersection  of  the  brace  bars  a  cast-iron  star 
12  in.  in  diam.  is  riveted. 

Holding-down  bolts,  4,  2  in.  square  and  14  ft.  long. 

Capacity,  1,400,000  cubic  feet. 

Inlet  and  outlet  pipes  80  in.  diam. 

Ttco'lift  Telescopic  G(uIioldei\ 

Diameter,  outer  lift,  197  ft.  6  in.    Depth,  86  ft. 
Diameter^  inner  lift,  195  ft.    Depth,  86  ft. 
Crown,  untrussed,  rise  10  ft. 
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Boof  sheets,  eeni^e  plate  i  in.  thick,  6  ft.  diametmr ;  row  next 
centre  of  No.  7  B.  wire  gauge ;  row  next  curb,  i  in.  thick  ; 
next  row,  5-16th8  in^  thick ;  third  row,  No.  7  B.  wire  gauge, 
and  the  remaining  rows  of  Njo.  11  B.  wire  gange. 

Side  sheets,  of  inn^  lift  in  18  rows ;  top  row,  ^  in. ;  bottom  row 
forming  cup,  f  in. ;  second  row  '<  from  top  and  bottom,  i  in. ; 
third  row  from  top  and  bottom  of  No.  7  B.  wire  gauge ;  and 
the  12  intermediate  rows  of  sheets  of  No.  11  B.  wire  gauge  in 
thickness.  Those  of  outer  lift  in  18  rows;  top  row. forming 
cup,  i  in. ;  bottom  row,  5-16ths  in. ;  second  from  top,  No.  9* 
B.  wire  gauge  ;  second  from  bottom,  8-16ths  in. ;  third  from 
bottom,  No.  9  B.  wire  gauge,  and  the  18  intermediate  rows  of 
No.  11  B.  wire  gauge  in  thickness. 

Gup  and  grip,  10  in.  wide,  18  in.  deep,  of  channel-ironi  10  x  8^ 
X  i  in.,  rising  and  dip  pktes,  f  in.  thick,  with  2^  x  f  in. 
bead  riveted  to  edges.- 

Top  cuirb,  qf  2  angle-iron  rings,  outer  one  6  x  6  x  f  in. ;  inner 
one,  5  X  5  x  I  in.,  both  double  riveted  to  top  and  side  sheets,, 
with  f  in.  rivets,  2  in.  apart  centre  to  centre. 

Bottom  curb,  of  2  angle-iron  rings,  6  x  5  x  f  in.,  riveted  to 
side  sheets,  with  f  in.  rivets,  6  in.  apart. 

Vertical  stays,  44,  in  upper  lift  of  H-iron,  8  x  5  x  6  x  7-16ths 
in.  secured  to  top  and  bottom  rows  of  sheets  and  the  outer* 
angle-iron  curb,  but  not  to  the  intermediate  sheets,  except  just 
at  the  centre,  where  there  are  two  clips,  6  in.  wide  x  5-16ths 
in.  thick,  to  which  the  sheet  is  riveted.  Gusset  pieces,  .44,  of 
2  angle-iron  frames,  2^  x  2f  X  |  in.,  riveted  to  a  7-16ths  in. 
web-plate  placed  between  them  and  riveted  together,  and  to 
the  vertical  stays,  outer  row  of  top  sheets,  and  inner  angle-iron 
curb  with  |  in.  rivets,  4  in.  pitch.  Vertical  stays  in  lower  or 
outer  lift,  44,  of  channel-iron,  8  x  2J  x  J  in.,  riveted  to 
bottom  curb,  and  to  the  sheets  half  way  up,  with  four  J  in. 
rivets,  countersunk  heads  in  the  channel,  and  bolted  to  the^ 
channel-iron  of  grip  with  two  i  in.  bolts. 

Guide  wheels,  22,  at  top  lift  of  malleable  cast-iron,  24  in. 
diameter,  with  steel  axles  or  pins,  mounted  on  wrought-iron 
carriages,  44  fixed  under  cup  of  upper  lift,  22  on  grip,  and  44 
on  bottom  curb  of  outer  lift,  all  of  malleable  cast-iron,  having 
steel  pins  and  wrought-iron  carriages. 
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Oolumns,  22,  of  oast^ircm,  8  ft.  diameter  at  bottom,  and  2  ft.  6  in. 
at  top,  mounted  on  ornamental  base  4  ft.  square  and  9  ft.  9  in. 
high,  two  entablatures  and  ornamental  cap ;  4  holding-down 
bolts  to  each  column,  2^  in.  diameter. 

Girders,  upper  tier,  8  ft.  6  in.  deep ;  lower  tier,  8  ft.  deep,  of  two 
frames  of  angle-iron,  4  x  4  x  7-16ths  in.,  with  lattice  bars, 
4  X  I  in.  riyeted  between  them  ;  the  top,  bottom,  and  ends  of 
girders  covered  with  a  |  in.  plate  9  in.  wide ;  rivets,  }  in.,  4  in. 
apart  centres ;  at  the  intersection  of  the  diagonal  braces  with 
each  other  are  fixed  plates,  12  in.  diameter  and  fin.  thick. 

Quality  of  iron,  plate,  angle,  and  T-iron  of  best  South  Stafford- 
shire brands,  the  channel  and  H-iron  of  the  best  Belgian ;  the 
sheets  of  the  very  best  South  Staffordshire,  equal  to  B.  B.  H. 


Rivets,  all  sizes,  of  the  best  soft  charcoal-iron.  Those  for  the 
No.  11  B.  wire  gauge  sheets,  of  No.  8  B.  wire  gauge  in 
diameter  and  1  in.  pitch  ;  and  those  for  No.  7  B.  wire  gauge 
sheets,  with  |  in.  rivets  1^-  in.  apart  centres. 

Capacity,  2  million  cubic  &et. 

Inlet  and  outlet  pipes,  80  in.  diam. 

Tito-lift  Telescopic  Gasholder. 

Diameter,  outer  lift,  200  ft.    Depth,  25  ft.  8  in. 
Diameter,  inner  lift,  198  ft.    Depth,  25  ft.  9  in. 
Boof  untrussed,  and  flat. 
Boof  sheets,  centre  plate  f  in.,  row  next  centre  plate  i  in. ;  next 

row  i  in. ;  outer  row  next  curb  i  in. ;  second  row  i  in. ;  and 

the  whole  of  the  remaining  rows  i  in.  thick. 
Side  sheets,  outer  lift,  bottom  row  i  in. ;  next  8-16ths  in. ;  top 

row  8-16ths  in. ;  intermediate  rows  all  |  in.  thick ;  inner  lift, 

bottom  and  top  rows  8-16ths  in.  thick ;  remainder  ^  in.  thick. 
Top  curb  is  a  box  girder  8  ft.  x  2  ft.  of  f  in.  plates  and  4^   x 

4^  X  i  in.  angle-irons  in  the  inside  comers,  riveted  together. 
Bottom  curb,  of  2  angle-irons,  4^  x  4^  x  ^  in.  riveted  to  a  f  in. 

plate  8  in.  wide  ;  the  whole  riveted  to  the  lower  sheet  of  holder. 
<:!up  and  grip  formed  of  channel-iron  8x8x8x|in.  thick  ; 

rising  and  dip  plates  |  in.  thick  and  15  in.  deep ;  a   1^  inch 

half-round  iron  bead  is  riveted  to  edge  of  rising  plate. 
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Columns,  28,  50  ft.  long,  8  ft.  diameter  at  bottom,  and  2  ft.  4  in. 
diameter  at  top  ;  metal  1^  in.  thiok  at  bottom  and  1  in.  at  top. 
Capacity,  1^  million  cubic  feet. 
Inlet  and  outlet  pipes,  80  in.  diam. 

Three-lift  Telescopic  Gasholder. 

Diameter,  outer  lift,  214  ft.    Depth,  58  ft. 
Diameter,  middle  lift,  211  ft.    Depth,  58  ft.  8  in. 
Diameter,  inner  lift,  208  ft.    Depth,  58  ft.  6  in. 

Bise  of  crown,  14ft. 

Boof,  untrussed. 

Boof  sheets,  outer  row  forming  part  of  curb,  f  in.  thick  of  steel 
plates  8  ft.  wide  ;  next  row  No.  7  B.  wire  gauge  ;  then  another 
row  of  No.  9  B.  wire  gauge  ;  the  remainder  being  all  of  No.  10  B. 
wire  gauge ;  these  latter  riveted  with  5-16ths  in.  rivets  1  in. 
pitch  ;  the  No.  7  B.  wire  gauge  sheets  riveted  to  the  f  in.  steel 
curb  plate  by  f  in.  rivets,  2^  in.  pitch. 

Side  sheets  of  No.  11  B.  wire  gauge,  secured  to  each  other  with 
5-16ths  in.  rivets,  1  in.  pitch,  lap  of  sheets  1^  in.  ;  the  bottom 
and  top  rows  of  sheets  in  outer  lift  are  \  and  8-16ths  in.  thick 
respectively ;  in  the  middle  lift  8-16ths  in.,  and  in  the  top  lift 
8-16ths  and  \  in.  respectively,  being  riveted  to  the  other  sheet- 
ing with  f  in.  rivets,  1^  in.  pitch,  If  in.  lap.  Piggot's  cup 
and  dip,  the  former  of  7-16ths  in.  plate,  and  the  latter  of  f  in. 
plate,  secured  to  adjoining  sheets  with  |  in.  rivets,  If  in.  pitch, 
2  in.  lap ;  cup  and  dip  12  in.  wide  and  21  in.  deep ;  edge  of 
cup  and  dip  stiffened  by  a  2^  x  f  in.  flat-iron. 

Top  curb,  formed  by  two  f  in.  steel  plates,  one  forming  the  outer 
row  of  sheets  on  the  crown  being  86  in.  wide,  the  other  forming 
top  row  of  sheets  on  the  side  12  in.  wide,  these  are  joined  to- 
gether at  the  angle  with  a  5  x  5  x  f  in.  angle-steel  curb,  and 
further  stiffened  at  the  inner  edge  of  the  crown  plate  with  a 
6  X  8  X  i  in.  angle-steel,  all  riveted  together  with  f  in.  and 
1  in.  steel  rivets,  4  in.  pitch. 

Bottom  curb,  formed  by  a  plate  |  in.  thick,  and  15  in.  wide, 
secured  at  right  angles  to  the  lower  rows  of  sheets  to  a  6  x  8 
X  i  in.  angle-iron  with  f  in.  rivets,  5}  in.  pitch  ;  another  angle- 
iron  of  the  same  dimensions  being  placed  1  ft.  5  in.  higher, 
forming  a  space  in  which  are  fixed  the  bottom  roller  carriages. 
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Yertioal  stays,  48,  on  lower  and  middle  lifts  are  made  of  No.  10 
B.  wire  gauge  sheets  bent  in  the  form  thus  .0.  8  x  H  in., 
riveted  to  the  outside  of  the  sheets,  and  on  the  inside  opposite 
these  are  8  X  Bi  X  i  in.  channel-irons,  placed  between  two  4 
X  8  X  i  in.  angle-irons,  which  are  riveted  through  the  sheets 
to  the  outside  stays.  The  top  or  inner  lift  is  stiffened  by  No.  8  6. 
wire  gauge  sheets  of  the  same  form  as  above,  but  are  12  x  9  in., 
placed  inside  only. 

Standards,  24,  in  the  form  of  the  letter  H,  20  x  16.  in.  and  158  ft. 
6  in.  high  above  coping  of  tank,  of  wrought-iron  formed  of  four 
8  X  8  X  f  in.  angle-irons  f  in.  web  plate,  and  i  in.  inside  and 
outside  plates,  having  5  tiers  of  struts  from  standard  to 
standard,  and  10  sets  of  diagonal  braces.  Two  channel-irons 
8  X  8  X  ^  in.  riveted  to  each  other  back  to  back  and  to  the 
standards,  form  the  guides  upon  which  the  radial  and  tangen- 
tial rollers  work  ;  the  bottoms  of  standards  are  fastened  to  tri- 
angular shaped  cast-iron  base-plates,  each  secured  to  the  tank 
with  three  2^  in.  bolts. 

Capacity,  5^  million  cubic  feet. 

Inlet  and  outlet  pipes,  86  in.  diam. 

THE  GOVERNOR. 

An  unnecessarily  high  pressure  of  gas  in  the  mains  and  service-pipes 
is  synonymous  with  a  heavy  leakage  account.  Ordinary  valves  are 
powerless  to  effect  the  desired  pressure  regulation,  however  well  they 
may  be  attended  to.  No  gas-works,  therefore,  whatever  its  size, 
should  be  without  a  station  governor  to  control  the  initial  pressure. 
When  properly  constructed  it  accomplishes  this  important  object 
perfectly,  however  much  the  consumption  on  the  one  side  and  the 
density  of  the  gas  on  the  other  may  vary. 

The  construction  of  the  governor  is  of  the  most  simple  character, 
consisting  of  a  small  cast-iron  water-tank,  through  the  bottom  of  which 
the  gas  from  the  regular  holder  enters,  and  makes  it  exit  by  means  of 
a  stand-pipe  rising  above  the  water  level.  This  pipe  may  be  either 
annular  or  rectangular  in  form.  In  the  former  case  the  gas  enters 
by  way  of  the  central  opening,  and  makes  its  exit  by  the  annular 
space.  In  the  latter  arrangement  the  pipe  is  divided  in  two  by  a  mid- 
feather,  one  division  being  the  inlet  and  the  other  the  outlet  for  the 
gas  ;  the  inlet  division  of  the  pipe  occupying  the  central  position  in  the 
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tank.  Within  the  tank  is  a  floating  bell  or  gasholder  made  of  tinned 
sheet-iron,  from  the  crown  of  which  a  conical  or  parabolic  shaped 
▼alve  is  suspended  by  an  eye-bolt.  It  is  the  raising  and  lowering  of 
this  valve  within  the  inlet  gas  aperture,  by  reason  of  the  gas  exerting 
a  pressure  of  greater  or  less  force  (according  as  the  consumption 
varies)  on  the  inner  surf&ce  of  the  floating  bell,  that  accomplishes  the 
necessary  regulation. 

The  holder  may  be  balanced  or  buoyed  up  either  by  means  of  an  air 
chamber  within  itself,  placed  round  its  lower  curb  (Fig.  108),  and 

consequently  immersed  in  the  water  of  the 
tank,  or  by  chains  secured  to  its  crown 
outside  (Fig.  102),  passing  over  one  or  two 
pulleys  and  terminating  in  a  rod  carrying 
the  required  balance  weights,  the  needed 
^^■sv-[ .  ^h  >~  Y^-^  P^^^^®  being  obtained  by  placing  cast-iron 
Bj     :   -.>^  m    or  lead  weights  on  the  crown  of  the  holder ; 

or  it  may  be  weighted  with  water  allowed  to 
flow  from  a  feed  pipe  into  a  tank  formed  by 
continuing  the  sides  of  the  holder  a  few 
inches  above  the  crown.  The  method  of 
weighting  by  water  is  preferable  to  the 
other,  as  the  pressure  can  be  applied  or 
removed  in  a  more  gradual  manner,  the 
opening  in  the  supply  and  discharge  taps 
being  regulated  as  desired. 

The  conical  valve  for  increasing  or  diminishing  the  area  of  the  gas 
aperture  has  generally  given  place  to  that  in  the  form  of  a  parabola  ; 
the  latter  requiring  a  shorter  range  to  produce  the  necessary  effect,  and 
being  more  delicate  and  certain  in  its  action.  The  parabola  should  be 
made  twice  its  diameter  in  length,  and  of  weight  sufficient  to  resist 
without  oscillation  or  blinking,  whatever  pressure  may  be  exerted 
against  it  by  the  inflowing  gas.  With  the  like  object  it  was  formerly 
necessary  to  make  the  floating  bell  with  an  area  twenty  times  greater 
than  the  area  of  the  base  of  the  valve ;  but  with  the  improvements 
effected  in  governors  this  is  not  now  required,  and  much  less  space  is 
now  occupied  by  the  apparatus. 

Serious  accidents  have  arisen  from  the  escape  of  gas  by  the  tilting 
of  the  floating  bell ;  and,  to  obviate  this  danger,  improvements  have 
been  introduced  in  the  construction  of  governors. 
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The  goTemor  of  J.  and  J*  Braddook  (Fig.  102  in  section)  will  show 
what  has  been  done  in  tliis  direction.  The  gas  enters  from  above 
the  valve  chamber.  Over  the  valve,  and  of  the  same  area  as  its  base, 
is  a  compensating  chamber  within  the  bell,  which  is  supplied  with  gas 
through  a  small  pipe  enclosing  the  valve  rod,  so  placing  the  bell  and  valve 
in  eqnilibrimn.  The  bell  is  actuated  by  the  outlet  pressure,  through 
a  small  pipe  attached  to  the  outlet  branch.  It  will  thus  be  seen  that 
if  by  accident  the  bell  were  tilted  or  rent,  the  quantity  of  gas  escaping 

would  be  limited  to  that  which  would  be 
discharged  through  the  two  small  pipes 
referred  to. 

Mr.  F.  W.  Hartley  introduced  a  safety 
and  regulating  plate  over  the  valve  to 
effect  the  same  object,  and  obtained  com- 
pensation by  means  of  a  small  tank  and 
holder  placed  alongside  the  governor,  the 
holder  being  suspended  from  the  chain 
carrying  the  counterpoise  weights. 

A  more  recent  form  of  governor,  by 
J.  and  J.  Braddock,  is  shown  in  Fig.  104, 
which,  amongst  other  advantages,  occu- 
pies very  little  space,  inasmuch  as  the 
usual  large  bell  and  tank  are  materially 
reduced  in  size.  The  governor  has  a 
chamber  divided  into  two  compartments, 
forming  inlet  and  outlet.  The  two  valves 
are  connected  together  and  counter- 
balance each  other,  and  act  in  opposite 
directions.  A  pressure  controlling  tube, 
open  at  both  ends,  is  fitted  in  the  top 
of  the  outlet  chamber,  so  as  to  admit 
gas  from  the  outlet  into  the  bell,  above 
the  water  level.  As  the  consumption  of  gas  decreases  the  pres- 
sure in  the  outlet  chamber  increases,  and  the  bell  is  raised,  so 
diminishing  or  shutting  off,  as  required,  the  supply  of  gas.  As  the 
consumption  of  gas  increases,  the  action  is  reversed.  The  governor 
is  fitted  with  self-loading  apparatus,  which  automatically  changes  the 
outlet  pressure,  according  to  the  demand  for  gas. 
Mr.  D.  Bruce  Peebles  employs  the  pressure  of  the  inlet  gas,  supplied 
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through  a  small  pipe  having  a  dry  regulator  fixed  upon  it,  to  load  the 
bell  of  the  governor,  which  is  enclosed  in  a  gas-tight  case ;  and  the  only 
adjustment  required  is  by  means  of  small  weights  to  the  regulator. 

Mr.  W.  Cowan  has  introduced  various  improvements  in  governors, 
by  which  the  adjusted  pressure  is  maintained  under  all  variations  of 
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draught  or  changes  at  the  inlet.  (See  Fig.  108.)  He  has  also  invented 
an  "  Automatic  Pressure  Changer,"  a  most  ingenious  instrument 
for  raising  and  reducing  the  pressure  automatically  at  any  given 
time,  thus  dispensing  with  the  attendant,  except  on  extraordinary 
occasions. 

Mr.  G.  Hunt  has  adapted  the  ordinary  throttle-valve  to  the  purpose 
of  a  governor.    By  this  plan  a  holder  scarcely  larger  in  diameter 
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than  the  main  only  is  required.  Within  the  supply-main  leading  from 
the  works  to  the  streets,  the  disc  or  throttle  is  accurately  balanced  on 
two  small  steel  centres ;  the  lever  or  radius  arm  by  which  it  is 
actuated,  being  also  inside  the  main,  is  attached  to  the  centre  of  the 
disc.  A  small  vertical  pipe,  communicating  the  holder  with  the 
main,  serves  to  enclose  the  connecting-pipe  attached  to  the  radius  arm 
and  to  the  crown  of  the  holder,  and  also  conveys  the  gas  into  the 
latter.  By  means  of  this  arrangement,  a  holder  only  12}  inches  in 
diameter,  will  actuate  an  8-inch  valve;  and  one  only  17  inches 
diameter,  an  18-inch  valve. 

In  winter  time  the  water  in  a  governor  tank  is  liable  to  freeze^ 
particularly  if  the  house  containing  it  is  in  an  exposed  situation.  A 
very  efficient  and  simple  remedy  for  this  is  provided  by  the  steam 
stove.  This  is  merely  a  cast-iron  cylinder  or  pipe  in  the  form  of  a 
pedestal,  2  ft.  6  in.  to  8  ft.  in  height,  and  10  or  12  in.  in  diameter, 
having  a  base,  and  an  ornamental  top  or  covering  brightened  by  being 
ground  and  polished.  The  stove  is  placed  on  end  on  the  floor  of  the 
governor  room,  in  any  convenient  part,  and  a  steam-pipe  about  }  in. 

in  diameter,  with  stop-cock,  is  inserted 
through  the  bottom,  in  which  is  another 
stop-cock  for  letting  ofif  the  water  of  con- 
densation. In  time  of  frost,  by  means  of 
this  stove,  the  atmosphere  of  the  room  can 
be  maintained  at  an  equable  temperature,, 
at  a  minimum  expense.  A  piece  of  ordinary 
cast-iron  pipe  can  be  adapted  to  the  pur- 
pose; on  the  other  hand  the  stove  is 
susceptible  of  any  amount  of  ornamen- 
tation. 

District  or  Differentiai  Governor. — 
Gas  pressure  varies  according  to  the  eleva- 
tion, increasing  and  decreasing  at  the  rate 
of  about  one-tenth  of  an  inch  for  each 
10  feet  of  rise  and  fall  respectively.  It  is  thus  obvious  that  if  the 
pressure  in  the  lower  mains  is  sufficient,  that  in  the  higher  mains 
(assuming  them  to  be  connected  throughout)  must  be  in  excess. 

For  the  supply  of  gas  to  varying  levels,  tiierefore,  separate  leading 
mains,  with  a  station  governor  upon  each,  are  highly  advantageous, 
and  should  be  employed  wherever  practicable. 
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District  or  differential  governors,  for  the  aatomatio  regulation  of 
the  pressure  in  the  mains  at  high  altitudes  considerably  removed 
from  the  gas-workSy  are  also  of  the  utmost  utility.  These  are  pro- 
duced both  in  the  wet  and  dry  form  by  most  makers  of  gas  apparatus. 
Fig.  105  shows  the  district  governor  made  by  D.  Bruce  Peebles 
and  Go. 

By  doubling  the  amount  of  pressure,  the  consumption  of  gas  is 
increased  by  about  one-half.  Leakage  from  a  pipe  is,  of  course, 
increased  in  the  same  ratio— i.«.,  in  the  proportion  of  the  square 
root  of  the  pressure. 

MAIN     PIPES. 

The  leakage  which  arises  in  the  distribution  of  gas  is  largely  due  to 
defective  and  badly  jointed  main  pipes.  Hence  it  is  of  the  first  impor- 
tance to  ensure  that  the  pipes  employed  for  that  purpose  are  made  of 
a  good  quality  of  metal,  close  in  texture,  free  from  defects  of  every 
kind,  and  as  equal  as  possible  in  their  sectional  thickness. 

To  secure  these  three  latter  conditions,  all  cast-iron  pipes  5  inches 
internal  diameter  and  upwards  should  be  cast  vertically  in  dry  sand 
moulds.  Smaller  sizes  are  usually  cast  in  green  sand  and  in  inclined 
moulds.  The  pipes  should  be  tested  by  hydrostatic  pressure  equal  to 
at  least  75  lbs.  on  the  square  inch  (150  feet  head  of  water),  either  at 
the  place  of  manufacture  or  on  the  gas-works;  and  whilst  under 
pressure  they  should  be  smartly  rapped  with  a  8  lb.  hammer  from  end 
to  end.  This  will  often  reveal  faults,  such  as  sandy,  porous,  and  blown 
places,  not  otherwise  discernible.  Sapping  the  pipes  whilst  on  the 
ground  will  also  indicate  their  character.  If  the  sound  emitted  is  clear 
and  bell-like,  the  pipe  may  be  considered  free  from  defects.  On  the 
other  hand,  if  dull  and  leaden,  it  is  cracked  or  otherwise  imperfect. 
All  pipes  that  do  not  stand  the  tests  should  be  rejected. 

The  metal  of  pipes,  whilst  compact  and  close,  should  not  be  exces- 
sively brittle  and  splintery,  but  such  as  may  be  readily  chipped  and 
drilled. 

Cast-iron  pipes  below  8  in.  diameter  are  6  ft.  long ;  8  in.  do  11  in. 
diameter,  9  ft.  long ;  when  12  in.  diameter  and  upwards  they  may  be 
either  9  ft.  or  12  ft.  long.  The  socket  is  not  included  in  these 
lengths. 
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Fonnula  for  calculating  the  weight  of  cast-iron  pipes : — 
W  =  2-46  (D»  —  rf«). 
Where  D  =  outside  diameter  of  pipe  in  inches. 
d  =  inside  diameter  of  pipe  in  inches. 
W  =  weight  of  a  lineal  foot  of  pipe  in  lbs. 
It  is  usual  to  pay  for  any  overweight  in  the  pipes  beyond  the  weight 
specified  not  exceeding  4  per  cent. 
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TABLE. 

Gast-Ibon  Gas  Pipes,  with  Open  Joints. 

T?u  weight  of  the  socket^  and  head  on  spigot^  is  equal  to  2'10tlt8  of  a 
lineal  foot  of  the  pipe,  and  this  is  included  in  the  weights  given. 


Internal 

Thickness  of 

Iiength  of 

Cienglh  of  Pipe, 

Weight  per  Pipe, 

Diameter  of 

Meul  in  Body  of 

Socket, 

not  inolading 

inclusive  of 

Pipe. 

Pipe. 

Socket. 

Socket  and  Bead. 

Inches. 

Inches. 

Inches. 

Feet. 

Cwts.  qrs.  lbs. 

1 

5-16th8 

2i 

6 

0      10 

li 

6-16th8 

2i 

6 

0      1    10 

2 

6-16tb8 

8 

6 

0      1    22 

9i 

8-8tU8 

8 

6 

0      2    17 

8 

8-8th8 

8 

9 

1      0    11 

4 

8^tb8 

4 

9 

1      1    19 

6 

716th8 

4 

9 

2      0      7 

6 

7-16th8 

4 

9 

2      1    21 

7 

6-10th8 

4 

9 

8      0    27 

8 

6-10th8 

4 

9 

8      2    19 

9 

6-10th8 

4i 

9 

4      0    11 

10 

9-16th8 

H 

9 

6      0    16 

11 

9-16th8 

4i 

9 

6      2    14 

12 

S^ihs 

M 

32 

8      8    16 

18 

6.8;b8 

45 

12 

9      2    12 

14 

6-8cb8 

4i 

12 

10      1      8 

16 

6-8th8 

4i 

12 

11      0      4 

16 

ll-16tb8 

4i 

12 

12      8    24 

17 

ll-lGtbs 

H 

12 

18      2    24 

18 

ll-16th8 

H 

12 

14      2      0 

19 

8-4tbs 

H 

12 

16      2    24 

20 

8-4tb8 

H 

12 

17      2      8 

21 

8-4th8 

5 

12 

18      1    20 

22 

18-16th8 

6 

12 

20      8    20 

28 

18-16ths 

6 

12 

21      8      8 

24 

7-8tb8 

6 

li 

24      2      8 

80 

1 

6 

12 

85      0      0 

86 

lith 

6 

12 

47      0    16 

42 

lAths 

6 

12 

67      8    16 

48 

Utb 

6 

12 

69      2     0 

For  the  smaller  sizes  of  pipes  up  to  8  in.  diameter,  the  open 
jointing  space  is  fin.,  and  for  larger  diameters  i  in.  wide  all  round. 
The  following  are  the  usual  depths  of  the  socket,  inside  measure,  for 
the  various  sizes  of  open-jointed  gas-pipes,  plugged  with  yam  and 
lead  : — 

Diaroeter.  Depth  of  Socket. 

Tip  to   8  iDcbes 8  iDobe8. 

4to   8      „ 4       „ 

9to20      „ 4i     ,. 

21  to  80     „ 6       „ 

82      „      and  npwards 8      „ 
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TABLE. 

Cast-Ibon  Oas  Pipbs,  with  Tubnbd  and  Bobsd  Joikts,  hatino  a 
BscBss  Di  Front  fob  Lead. 

Ths  weight  of  the  aocket  and  thickened  epigot  is  equal  to  1^  lineal  foot  of 
the  pipe,  and  this  is  included  in  the  weights  given. 


iBtemftl 

Tbiokneti  of 

Length  of 

Length  of  Pipe, 
notindading 

Weight  per  Pipe, 

Diunettt  of 

Metal  in  Body  of 

Socket, 

indusiTC  of  Socket 

Pipe. 

Pipe. 

Socket. 

and  thickened  Spigot. 

Inobet. 

Inches. 

Inches. 

Feet. 

Owt  qw.  lbs. 

1 

5-l6th8 

2i 

6 

0      1      1 

u 

6.16tb8 

2i 

6 

0      1    12 

2 

6-l6th8 

8 

6 

0      1    24 

2i 

8^tb8 

8 

6 

0      2    19 

8 

8.8th8 

8f 

9 

1      0    14 

4 

8.8th8 

.     9 

1      1    22 

e 

7-16th8 

9 

2     0    18 

6 

7-16th8 

4i 

9 

2      1    27 

7 

5-lOthf 

4i 

9 

8      18 

8 

6-10th8 

4i 

9 

8      8      0 

9 

6-10th8 

4i 

9 

4      0    28 

10 

9-16th8 

9 

6      10 

11 

9-16th8 

9 

6      8      1 

12 

6-8th8 

12 

9      0      4 

18 

6-8th8 

12 

9      8      0 

14 

6-8tb8 

12 

10     1    24 

15 

6-8tb8 

12 

11      0    24 

16 

ll-16th8 

12 

13      0    16 

17 

ll-16th8 

H 

12 

18      8    20 

38 

ll-16th8 

H 

12 

14      2    24 

19 

8-4th8 

H 

12 

16      8    24 

20 

8-4th8 

H 

12 

17      8    12 

21 

8-4th8 

12 

18      2    24 

22 

]8-16th8 

H 

12 

21      1      0 

28 

18-16th8 

5^ 

12 

22      0    20 

24 

7-8tb8 

H 

12 

24      8    24 

80 

1 

H 

12 

85      2      4 

86 

Uth 

6 

12 

47      8    16 

42 

lAth8 

6 

12 

58      8      4 

48 

Uth 

6 

12 

70      2      8 

When  the  turned  and  bored  joint,  on  being  tested,  is  found  gas- 
tight,  it  is  not  necessary  to  fill  the  recess  with  lead.  The  usual 
filling  material  adopted  under  such  circumstances  is  Portland  or 
Roman  cement.  These  cements,  if  kneaded  with  warm  water,  set 
quickly ;  with  cold  water  not  so  soon. 
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TABLE, 

THmatnons  of  the  Sockets  of  Tm^ned 
ami  Bnr^d  CaM-Jtfm  Ga»  Pipes, 
with  avfcesft  ijififntt.  {Fig,  106.) 

TABLE. 

Dmcfiswnft  of  tk^  Sockets  of  Tumtd 
ami  Bored    Cant- Iron  Gas  Pipes^ 
mthoul  a  Pecei?^  m  Fj-ont,  {Fig.  1 07.) 

A 

B 

In. 

I 

u 

1 

iiS 

n 
u 

if' 

1| 

itV 

14 

li 

lA 

lA 

i| 

IH 

^t   i 
1  J 

1  ^ 

c 

In, 

H 

n 

j 

it 

1 

1* 

1 
1^ 

D 

E 

Diiim. 
of  Pipe. 

A 

B 

C 

D 

2 

21 
8 

H 

4 

R 

e 

7 

8 

9 
10 
11 
12 
13 
14 
Ifi 
16 
17 
18 

IncheH, 
5-l6tba 

3'fithB 
3  8UiB 
7-Jr»th9 
7'16tb« 
&-IOthB 
fi  lOtbB 
S'lDthH 
Oietha 
9-16tba 
a-Stba 
5^tha 
5-etba 
6-8thB 
1146thB 
U'ltitb0 
11-IGtha 
8^thB 

In. 

3 

^ 

3| 

4 

4 

44 
44 

44 
44 
4J 
41 

^ 

a 

5    1 
5* 
6i 
Si 

In. 
1 

it  1 
1 

a 

H 
] 
I 

lA 
3A 

^i  1 
It 

n 
u 

lA 

la 

M 

I  neb  OB. 

2 

h 

a 

H 

4 
5 

7 

B 

9 
10 
11 
13 
13 
14 
15 
16 
17 

la 

20 

&16thB 

8-&tbB 

3-6thii 

S-BtbB 

3^8rhs 

7-lGtha 

7.1ttthB 

5-lOibB 

.1-lOtbB 

5-IOtbs 

9-16tha 

9-16ths 

5-Btb9 

fiSUis 

5-8thfl 

l]'16Eh« 
iMBtbB 
ll-IUtba 

34thB 

Inabefl. 
1 

1 

U 
It 
11 

u 

lA 

U 

Mi 

1| 

Ml 

Ml 

1* 

11 

3 

2 

2ft 

St 

2} 

Inches 

i 

A 
lA 

raobflSL 
H 
Bk 
S| 
31 
4 
4 
44 
4| 

4i 
4i 

4* 

44 

H 
4ft 

5 
6 
H 

Pio.  107. 
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TABLE. 

Oast-Ibon  Oas  Pipes,  with  Flanob  Jonrro. 

The  weight  of  the  flanges  is  equal  to  1  Uneal/oot  of  the  pipe,  and  this 
is  included  in  the  weights  given. 


ThickoeMof 

Metal 

in  Body  of 

Pipe. 

Flanges. 

Length 
of  Pipe 
outside 

the 
Flanges. 

Inlernal 

Dia- 

Weight per  Pipe 

of  Pipe. 

Dia- 
meter 

Thick- 

ness 

of 

Number 
of  Bolt 
Holes. 

meter, 
centre  to 
centre, 

Dia- 

meter 

ef 

inolnsive 
of  the  Flanges. 

Flanges. 

MetaL 

of  Bolt 

Bolts. 

Holes. 

laohM. 

Inohet. 

Inches. 

Inches. 

Inches. 

Inches. 

Feet. 

Owts.  qrs.  lbs. 

1 

6-16tb8 

4 

i^ 

2i 

iS 

6 

0      10 

11 

6-16ths 

4i 

tV 

81 

i 

6 

0      1    11 

2 

6-16th8 

6i 

i 

4» 

1^ 

6 

0      1    22 

2} 

8-8th8 

7i 

iV 

6i 

6 

0     2    18 

8 

8-8th8 

7i 

A 

Bh 

9 

1      0    11 

4 

8^th8 

9 

w 

7 

9 

1      1    22 

6 

7-16th8 

lOi 

1 

H 

9 

2      0    10 

6 

7-16thB 

Hi 

i 

94 

9 

2      1    24 

7 

6-10th8 

18 

} 

11 

9 

8      1      6 

8 

5-10tb8 

14» 

} 

12 

9 

8      2    26 

9 

5-10th8 

16 

} 

6 

184 

9 

4      0    17 

10 

9-16th8 

17i 

i 

6 

141 

9 

6      0    22 

11 

9-16th8 

18i 

i 

6 

16} 

9 

6      2    20 

12 

5-8th8 

m 

if 

6 

164 

12 

H      8    24 

18 

6-8th8 

20i 

if 

6 

174 

12 

9      2    20 

14 

6-8th8 

21  h 

1 

8 

18i 

12 

10      1    16 

16 

5.8th8 

22i 

1 

8 

194 

12 

11      0    12 

16 

lM6th8 

24 

ItV 

8 

21 

12 

18      0      8 

17 

ll-16th8 

25 

iS 

8 

22 

12 

18      8      8 

16 

ll-16th8 

26 

li 

10 

28 

12 

14      2    12 

19 

d-4tbB 

27 

u 

10 

24 

12 

16      8    12 

20 

8-4th8 

28 

u 

10 

244 

12 

17      2    24 

21 

8-4th8 

29 

1^ 

10 

264 

12 

18      2      8 

22 

13-16the 

80 

A 

10 

264 

12 

21      0      8 

28 

18-16th8 

81 

I? 

10 

274 

12 

22      0      0 

24 

7-8th8 

32 

lA 

12 

284 

12 

24      8      0 

80 

1 

88 

14 

14 

844 

1 

12 

85      1      0 

86 

nth 

45 

n 

18 

414 

1 

12 

47      2      0 

42 

li»,tb8 

51 

u 

20 

474 

1 

12 

68      1      8 

48 

litb 

67 

If 

24 

684 

1 

12 

70      0      4 

Cast-iron  in  cooling  from  the  molten  condition  shrinks  one-eighth  of 

an  inch  per  foot. 

Maia  Pipe  Joints. — A  host  of  joints  for  main  pipes  have  been 
invented  from  time  to  time,  which,  thoogh  theoretically  good,  have  not 
all  proved  very  satisfactory  in  practice.    The  classes  of  joint  generally  in 
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use  are  the  turned  and  bored,  and  the  open  joint.  The  ball  and  socket 
joint  is  employed  under  exceptional  circumstances,  as  when  the  main 
has  to  be  laid  in  the  bed  of  a  river  or  harbour,  or  across  a  narrow 
arm  of  the  sea. 

A  difference  of  opinion  exists  among  engineers  as  to  wbi^  form  of 
joint  is  best — the  turned  and  bored,  or  the  open  joint  filled  with  lead, 
rust  cement,  or  other  substance,  metallie  or  otherwise.  We,  who 
have  had  large  experience  in  both,  and  under  most  circumstances^ 
prefer  the  turned  and  bored,  both  for  ease  in  adjustment,  economy, 
and  efficiency. 

In  districts  where  the  ground  is  extensively  undermined  and  liable 
to  subsidence,  the  vulcanized  india-rubber  joint  (which  is  virtually  an 
open  joint)  is  the  most  suitable.    (Fig.  111.) 

Special  pipes,  such  as  bends,  tees,  and  junctions  are,  for  convenience 
sake,  made  with  open  joints.     (Fig.  114.) 

The  turned  and  bored  joint  is  shown  in 
Fig.  108. 

There  is  no  difficulty  in  swinging  round 
ordinary  curves  with  a  line  of  mains  jointed 
in  this  manner;  but  when  the  radius  of  the 
curve  is  short,  an  occasional  yam  and  lead 
joint  is  required. 

In  specifying  for  pipes  with  these  joints,  care  should  be  taken  that 
the  bored  and  turned  surfAces  are  not  made  with  too  much  taper ; 
indeed,  the  nearer  the  surfaces  approach  to  parallel  lines  without 
being  absolutely  parallel,  the  better  they  will  fit. 


?io.  108. 


Fig.  109. 


Fio.  110. 


The  socket  may  either  be  bored  flush  up  to  the  face,  as  in  Fig.  107, 
or  it  may  have  a  recess  in  front,  as  in  Figs.  106  and  108.  The  latter 
is  to  be  preferred,  as  it  can  be  supplemented  with  lead  or  other  filling 
should  the  turned  joint  prove  defective* 

Two.  examples  of  the  open  joint  are  given  in  Figs.  109  and  110. 
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The  india-rubber  joint  (Fig*  111)  is  formed  by  passing  a  yuloanized 
ring  of  that  xnaterieJ  round  the  spigot  end  of  the  pipe,  which  is 
specially  oast  with  a  groove  and  bead  to  suit  this  description  of  joint. 

When  the  pipe  end  is  pushed  forward  into 
the  socket,  the  ring  is  compressed  or  flat- 
tened, and  butts  against  the  raised  bead. 
No  other  packing  is  necessary,  so  that  it  is 
an  expeditious  method  of  jointing,  whilst 
the  vulcanized  india-rubber,  unaffected  by 
the  presence  of  gas  or  moisture,  is  practi- 
The  other  advantages  of  this  joint  have  already 


Fio.  111. 


€ally  indestructible, 
been  referred  to. 

The  ball  and  socket  joint  is  shown  in  Fig.  112.  This  particular 
form  is  the  invention  of  Mr.  J.  Z.  Eay,  and  has  been  successfully 
•employed  for  main  pipes  crossing  through  rivers  and  harbours  where 


1 


Fio.  112. 


Fio.  118. 


the  ordinary  rigid  joint  is  inapplicable.  The  lead  is  first  run  in  and 
•caulked ;  and  the  connected  pipes,  being  like  a  chain,  can  be  paid  out 
of  a  lighter,  or  other  vessel,  when  they  will  find  their  own  bed  in  the 
river  bottom. 

The  expansion  joint  (Fig.  118)  is  useful  in  all  cases  where  a  line  of 
main  is  exposed  to  varying  temperatures,  as  in  pipes  placed  against  a 
wall  or  alongside  a  bridge,  or  in  an  open  trench  or  channel. 

Mill-board  or  engine-board  coated  with  red  or  white  lead,  makes  a 
^ood  and  durable  joint  for  flanges. 

A  combination  of  asbestos  and  india-rubber  woven  sheeting,  makes 
a  superior  flange  joint,  especially  for  steam  purposes,  as  these  sub- 
stances resist  the  action  of  both  heat  and  moisture.  To  prevent 
adherence  to  the  iron  (in  the  case  of  blank-flange  and  manhole 
Joints  that  require  to  be  frequently  broken),  the  flange  should  be 
rubbed  over  with  powdered  black  lead  before  placing  the  cover. 
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Metallic  rings  are  commonly  used  for  flange  joints.  These  are  best 
made  with  i  inch  or  f  inch  lead  pipe,  with  the  ends  soldered  evenly 
together ;  the  ring  is  then  covered  with  flax,  and  well  smeared  with 
red  lead  or  paint.  The  pipe  must  not  be  beaten  flat,  but  left  ronnd,  so> 
that  when  the  joint  is  screwed  up  it  may  bed  into  any  irregularities  in 
the  sur&ces.  The  remaining  space  between  the  flanges  is  filled  with 
rust  or  other  cement. 

Flange  pipes  can  be  jointed  without  the  interposition  of  any  packing 
material,  by  having  the  flanges  faced  in  a  lathe.  In  such  case  the 
surfjEices  are  merely  coated  with  white  lead  paint,  and  the  joint  tightened 
up. 

Bolts  used  for  jointing  flanges,  &c.,  should  have  a  gummet  of  flax 
or  tow,  smeared  with  red  or  white  lead,  placed  round  their  neck  to  bed 
under  the  head  when  screwed  up. 

Bed  and  white  lead  should  always  be  mixed  with  boiled  linseed  oil* 
Other  oil  can  be  made  to  answer,  but  not  nearly  so  well. 

The  bends,  tees,  junction  pipes,  and  other  irregulars  required  in  the 
distributing  department  of  a  gas-works,  are  shown  on  page  206. 

Gas  pipes  should  be  free  from  excrescences,  and  moderately  smooth 
on  their  inner  surfiEice. 

They  are  better  not  coated  internally  with  any  kind  of  substance 
soluble  in  naphtha  or  other  hydrocarbon  liquid.  Such  coating  is  soon 
dissolved  by  the  gas,  and  drains  partially  away  into  the  drip  wells ; 
the  residue  collecting  into  viscid  masses  at  dififerent  points,  principally 
near  to  the  joints.  The  coating  can  only  be  intended  to  reduce  friction  by 
rendering  the  surface  joint  smooth  for  the  passage  of  the  gas,  because  as 
a  preservative  to  the  iron,  internally,  it  is  not  required.  Its  effect  is 
to  impede  the  flow.  The  sUght  deposit  which  takes  place  from  the  gas 
alone  soon  gives  the  metal  a  smooth  coating.  These  objections  do  not, 
of  course,  apply  to  the  internal  coating  of  water-pipes. 

It  is  only  for  appearance  sake,  as  a  rule,  that  a  covering  of  this 
description  can  be  recommended  for  the  outside  erf  cast-iron  pipes.  It 
often  serves  only  to  hide  defects  in  the  casting. 

The  reddish-brown  oxide  covering  which  cast-iron  pipes  acquire  in 
a  short  time,  when  laid  in  ordinary  soil,  is  one  of  the  best  perservatives 
of  the  metal.  This  covering  is  impervious  to  moisture,  its  effect  being 
to  arrest  further  corrosive  action. 

There  are,  however,  circumstances  where  it  is  desirable  and  neces- 
sary to  coat  pipes  externally,  as,  for  example,  when  they   are  of 
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wronght-iron,  and  when,  though  of  cust-iron,  they  are  to  be  laid  in 
soils  intermixed  with  engine  ashes,  furnace  slag,  vitrified  cinders, 
clinker,  dross,  scorisB,  or  chemical  refuse  of  any  kind. 

Wrougbt'iron  and  Steel  Main  Pipes. — Of  recent  years  a  con- 
siderable trade  has  sprung  up  in  the  manufietcture  of  wrought-iron  and 
steel  main  pipes  of  large  diameter  for  foreign  countries.  Although  the 
first  cost  of  these  is  greater  than  that  of  the  same  sizes  in  cast-iron, 
yet  owing  to  their  being  lighter  and  less  liable  to  fracture,  the  reduced 
expense  of  freight  and  haulage  to  their  destination  makes  their  ultimate 
cost,  length  for  length,  materially  less.  The  wrought-iron  pipes  are 
lap-welded,  and  those  of  the  steel  are  riveted  in  the  seam.  They  are 
generally  in  15  feet  lengths.  The  next  table  gives  the  usual  thickness 
and  weight  of  wrought-iron  pipes. 


TABLE. 

Thickness  and  Weight  of  Wrought-iron  Main  Pipes. 


Thickness. 

Weight  per  Foot. 

Inches. 

Inches. 

Pounds. 

8 

5-83  fall. 

6 

8i 

6-82  fall 

7 

4 

8-16 

9 

6 

8-16 

104 

6 

816 

13 

7 

1-4   bare. 

18 

8 

1-4   bare. 

20 

9 

1-4   bare. 

24i 

10 

1-4 

28 

12 

1-4 

83 

14 

6-16 

48 

16 

5-16 

60 

Fxo.  116. 


The  smaller  sizes,  8  in.,  8|^  in.,  and 
4  in.  diameter  have  screwed  ends  and 
sockets.  The  larger  diameters  may  be 
either  screwed  or  plain.  In  the  latter  case 
the  **  Kimberley '*  collar  (Fig.  115)  is  em- 
ployed for  connecting  them;  this  is  also 
made  of  wrought-iron. 
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TABLE. 

Weight  of  Lead  required  far  Jointing  Wrought-iran  Main  Pipes  with 
the  **  Kimberley  "  Collar. 


Internal 

Depth  of  Lead 

weight 

Internal 

Depth  of  Lead 

w..p. 

Diameter 

on  each  aide 

Diameter 

on  each  side 

of  Pipe. 

of  Collar. 

Lead. 

of  Pipe. 

of  Collar. 

Lead. 

Inchea. 

Inches. 

Pounds. 

Inches. 

Inches. 

Pounds. 

6 

81 

10 

1| 

m 

6 

If 

10 

11 

If 

18 

7 

1* 

llf 

12 

If 

20 

8 

U 

m 

14 

2 

26 

9 

U 

16 

16 

2 

80 

The  Laying  of  Main  Pipes. — Special  care  is  needed  in  the  laying 
of  main  pipes.  As  a  general  rale  the  covering  of  soil  over  them 
shotdd  be  at  least  21  inches  deep,  to  protect  them  from  breakage  by 
steam-rollers,  the  influences  of  heavy  trafiSc  and  low  and  varying 
temperatnres. 

The  excavation  to  receive  the  pipes  should  not  be  unnecessarily  wide, 
as  the  less  filling  up  that  is  required  the  better,  not  to  mention  the 
saving  in  cost. 

The  bottom  of  the  trench  on  which  the  pipes  rest  should  be  even 
and  firm,  and  if  not  so,  then  thoroughly  consolidated  by  punning. 
The  soil  should  be  scooped  out  at  the  various  points  in  the  trench 
bottom,  where  the  sockets  come,  so  that  the  body  of  the  pipe  may  lie 
solid  throughout  its  length.  In  cases  where  this  cannot  well  be  done 
resort  may  be  had  to  underpinning. 

Each  pipe  should  be  laid  with  the  proper  inclination  or  fall,  and 
securely  jointed ;  all  joints  being  proved  either  with  gas  or  air  under 
high  pressure  while  the  trench  is  open. 

In  roads  or  footpaths  made  with  ashes  or  chemical  refuse,  the  pipes 
should  be  carefully  embedded  in  good  common  soil  obtained  for  that 
purpose,  or  puddled  round  with  clay — especially  protecting  the  upper 
side  with  a  thick  covering. 

It  is  worse  than  useless  to  place  clay  only  underneath  the  pipe. 
When  so  placed,  it  serves  to  receive  and  retain  the  water,  which,, 
percolating  through  the  material  forming  the  groimd,  is  charged  with 
acid  bisulphides  and  other  deleterious  compounds.  The  metal  of  the 
pipe  thus  lying,  as  it  were,  in  a  bath  of  acidulous  liquid,  is  destroyed 
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sooner  than  it  would  be  if  no  clay  were  present.  The  protection 
afforded  by  the  day  should  therefore  be  complete,  all  round  ttie  pipe, 
and  particularly  over  its  upper  surface. 

In  refilling  the  trench,  the  soil  should  be  shovelled  in  in  layers,  and 
rammed  firmly  and  equally  all  round  and  above  the  pipes. 

Oas  pipes  laid  through  arable  land  do  it  no  harm,  but  rather  good, 
inasmuch  as  they  help  to  drain  the  land.  The  joints  should  be  perfect, 
however,  as  the  escape  of  gas  is  fatal  to  vegetable  Ufe. 

When  laying  pipes  with  bored  and  turned  joints,  the  spigot  and 
socket  ends,  after  being  cleaned  with  cotton  waste,  are  coated  with 
thick  paint  composed  of  one  part  each  white  and  red  lead  mixed  with 
boiled  linseed  oil ;  the  end  is  then  inserted  and  driven  home  with  a 
mallet,  or,  should  the  pipe  be  large,  with  a  swing  block.  Or  another 
pipe  swung  from  the  shear-legs  may  be  used.  In  this  case  a  wood 
shield  should  be  laid  against  the  socket  to  take  the  force  of  the  blow. 

In  driving  the  pipes  they  will  sometimes  be  foimd  to  spring  back  at 
every  stroke.  This  may  be  due  either  to  the  surfaces  being  made  too 
conical,  in  which  case  it  is  difficult  to  ensure  a  good  joint ;  or  there 
is  a  slight  ridge  or  roughness  on  the  inner  edge  of  the  bored  part  of 
the  socket.     Chip  this  off  with  a  sharp  chisel. 

Bed  lead  sets  sooner  and  harder  than  white;  and  the  following 
reason  is  given  for  preferring  the  white  to  the  red  for  joints :— rWhen 
an  expansion  or  contraction  takes  place  in  the  pipes,  the  red  lead  is 
liable  to  crack,  and  so  cause  a  leakage;  whereas  the  white  lead 
is  more  tractable,  and  better  adapts  itself  to  the  varying  circumstances. 
An  equal  mixture  of  the  two  is  preferable. 

In  placing  pipes  with  open  joints,  twined  gasket  is  caulked  in  all 
round  so  as  to  fill  nearly  half  the  length  of  the  open  space.  A  roll  of 
tough  plastic  clay  is  then  passed  round  and  pressed  against  the  socket 
feuse,  and  through  a  lip  on  the  upper  side  molten  lead  is  poured  till  the 
remaining  space  is  filled.  On  the  lead  being  set  up  with  a  blunt 
caulking  tool  and  hammer  the  joint  is  complete. 

The  ladle  should  contain  sufficient  molten  lead  to  fill  the  joint  at 
one  pouring,  otherwise  the  adhesion  of  the  metal  throughout  will  not 
be  perfect. 

Molten  lead,  when  heated  to  redness,  will  fly  when  poured  upon  a 
wet  or  damp  surfeice. 

Mains  in  level  ground  should  be  laid  with  a  slight  inclination,  say 
1  foot  in  400  yards,  and  at  each  lowest  point  a  syphon  or  drip-well 
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(Fig.  116),  of  oast-iron,  should  be  placed  underneath,  and  connected 
by  a  tube  to  the  pipe  to  receive  the  liquid  arising  from  condensation. 
Another  form  of  syphon,  with  sockets  to  receive  the  main  pipes,  is 
shown  in  Fig.  117.  In  all  cases  whjsre  a  main  dips,  a  syphon  is  required 
at  the  place  where  the  dip  is  reversed. 


r 

fMAINj 

ZZ 

ZZZZZl 

Fio.  116. 


Fio.  117. 


The  liquor  from  these  receptacles  is  pumped  out  periodically  into  a 
cask  on  wheels,  and  deposited  in  the  tar-well  on  the  gas-works. 

In  laying  down  mains  in  lieu  of  others  of  a  smaller  size,  the  dif- 
ference in  value  between  the  two  sizes  of  pipes  only  should  be  charged 
to  capital  account. 

TABLE 

driving  the  Weight  of  Lecul  in  Pounds  required  for  Jointing  Cast- Iron 

Mai)is. 


Diameter  of 

Depth  of  Lead 

Weight  of  Lead 

Diameter  of 

Depth  of  Lead 

Weight  of  Lead 

Pipe  in  Inches. 

in  Inches. 

in  PonndB. 

Pipe  in  Inches. 

in  Inches. 

in  Poand8. 

U 

11      1        u 

11 

2i 

164 

2 

14                   1* 

12 

2» 

184 

2i 

11                     2i 

13 

2« 

21 

3 

It                     2| 

14 

2i 

234 

4 

1}          1           4 

15 

24 

26 

5 

11          1           H 

16 

2J 

284 

6 

2           ]            7 

1          17 

2i 

31 

7 

2                       8i 

18 

2« 

324 

8 

2^          1          101 

1          19 

2i 

34 

9 

24          1          12i 

20 

2^ 

364 

10 

2i          1          14J 

24 

3 

48 

For  pipes  1^  to  8  inches  in  diameter  the  lead  is  assumed  to  be  about 
g-inch  thick  ;  and  in  pipes  9  inches  in  diameter  and  upwards,  |^-inch 
thick. 
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In  place  of  lead,  rust  cement  and  a  mixture  of  beeswax  and  tallow 
are  used  for  jointiDg  mains.  ''  Spence's  metal "  also  is  an  efficient 
substitute,  and  its  cost  is  considerably  less. 

Iron  or  Rust  CemenU  for  Flange  and  Open  Socket  Joints, 

{1)       1  lb.  of  clean  iron  borings,  pounded  fine  in  a  mortar. 
2  oz.  sal  ammoniac  (muriate  of  ammonia)  in  powder. 
1  oz.  flowers  of  sulphur. 
Mix  the  whole  together  by  pounding  and  keep  dry.    For  use,  mix 
•one  part  with  twenty  of  iron  borings  pounded,  adding  water  to  the 
consistency  of  mortar. 
(2)       98  parts  fine  iron  borings. 
1  part  flowers  of  sulphur. 
1  part  sal  ammoniac. 
Mix,  and  when  required  for  use,  dissolve  in  boiling  water.    This 
cement  sets  quickly. 

If  required  to  set  slowly,  which  makes  the  better  joint — 
•  (8)      197  parts  iron  borings. 

1  part  flowers  of  sulphur. 

2  parts  sal  ammoniac. 

When  required  for  use,  mix  with  boiling  water. 

The  iron  borings  used  for  making  joints  should  be  perfectly  ficee 
from  grease  and  oil. 

The  cubical  content  of  the  joint  in  inches,  divided  by  5,  gives  the 
weight  in  pounds  of  iron  cement  required. 

Appliances  used  in  Mainiaying. — ^In  beginning  to  lay  an  exten- 
sive  length  of  main  pipes,  considerable  delay,  and  consequent  loss,  is 
often  experienced  at  first,  owing  to  a  want  of  foresight  in  providing 
beforehand  the  necessary  men,  tools,  and  other  appliances  required. 
The  following  is  an  enumeration  of  what  is  necessary  to  be  provided, 
varying  according  to  the  peculiarities  of  the  district  and  the  extent  of 
the  work  to  be  done  : — 

One  or  two  skilled  main-layers. 

A  number  of  labourers  according  to  the  extent  of  the  work. 

A  paviour  and  his  labourer.  A  night  watchman. 

A  pick  and  spade  (and  a  tool,  if  day)  for  each  labourer. 

A  supply  of  picks,  pick-handles,  and  wedges  should  be  kept  in  stock 
.  to  replace  broken  ones. 

A  screen  for  separating  stones  and  soil. 

3>    2 
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Shear-legs  or  tripod ;  or,  what  is  better,  if  the  mains  are  of  large 
diameter,  a  moveable  pipe-layer,  supported  on  wheels,  running  on  rails 
laid  alongside  of  the  trench. 
Blocks,  tackle,  and  ropes  or  chain. 
A  chain  or  clip  to  encircle  the  pipes. 
Eight  hand-spikes  of  wood,  for  moving  the  pipes  about. 
Two  pieces  of  2  or  8  inch  wrought-iron  tube  (according  to  the  size 
of  main),  on  which  to  roll  the  pipe  previous  to  lowering  it  to  its  place 
in  the  trench. 
Two  or  four  long  iron  bars,  and  two  short  ones. 
Two  planks  for  long  and  strong  leverage. 

Bed  and  white  lead,  mixed  with  boiled  oil,  if  turned  and  bored  joints. 
Some  cotton  waste  and  old  cards  to  clean  the  joints,  if  turned  and' 
bored.    A  supply  of  span  yam  and  lead,  if  open  joints. 
A  wooden  mallet  for  driving  small  bored  and  turned  pipes. 
Two  or  four  oak  blocks,  strengthened  with  bolts  or  hoops,  to  lay 

against  the  pipe-sockets  when  driving 
A  8  or  4  inch  cast-iron  pipe,  to  swing  with  a  rope  or  chain  from 
centre  of  shear-legs  when  driving,  or  a  wooden  spring  block  if 
preferred. 
Wood  plugs  for  the  various  sizes  of  pipes  and  branches. 
India-rubber  cloth  bags  f6r  plugging  the  mains.    (See  Fig.  118.) 
A  lead  pot  and  two  ladles. 
Chisels  and  caulking  tools. 
Tarred  rope  for  trying  the  joints  and  pipes. 
A  coke  fire-grate  for  melting  the  lead  and  for 
use  by  the  night  watchman. 
Three  setts,  with  handles,  for  cutting  any  pipes 
Fio.  118.  required. 

Two  large  hammers,  7  lbs.  weight,  and  several  smaller  ones,  1^, 
,  and  8  lbs.  each. 
Screwing  tackle. 

Some  fine  flax  for  indifferent  joints. . 
A  few  caskff  of  cement. 

A  bogie  or  hand-drag,  and  two  or  three  hand-barrows. 
Portable  bench,  with  vice  attached. 
Covered  hand-cart,  under  lock  and  key. 

A  supply  of  good  soil  for  bedding  the  pipes,  and  to  prevent  the  con-  • 
tact  of  ashes,  if  such  should  be  present  in  the  cutting. 


~I^^'^"^^^B 
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A  spirit-level  and  a  straight-edge  10  or  14  feet  long. 

A  supply  of  planking  to  cover  up  any  part  of  the  trench  temporibrily. 

A  box  for  the  night  watchman. 

Two  red  signal  lamps  to  warn  passengers  of  the  open  trench  during 

the  dark  hours. 
Two  stand-pipes  for  the  signal  lights. 
Apparatus  for  proving  the  mains  for  leakage  before  filling  up  the 

trench. 
Look  up  beforehand  what  bends,  tees,  thimbles,  flanges,  drip- wells, 

and  other  special  castings  will  be  required  in  the  course  of  the 

work,  and  have  them  in  readiness  when  needed. 
In  enlarging  or  replacing  pipes,  many  services  require  to  be  coupled 
up  and  renewed,  and  in  that  case  service-layers  and  tools  should  be  in 
readiness. 

EXPLOSIONS    IN     MAIN     PIPES. 

In  the  laying  of  large  main  pipes,  due  care  and  diligence  should  be 
exercised  by  the  skilled  and  responsible  officials  in  charge  of  such 
work.  Calamitous  explosions  have  occurred  owing  to  neglect  in  these 
particulars. 

Such  an  explosion  took  place  in  London  in  1862,  and  again  in  1880 ; 
and  one  in  Manchester,  in  1878,  when  a  large  cast-iron  syphon-well 
was  being  attached  to  a  main. 

Coal  gas  when  unmixed  with  air  or  oxygen,  as  is  well  known,  is 
perfectly  inexplosive,  and  is  even  incombustible.  It  is  only  when  the 
gas  comes  in  contact  with  the  oxygen  of  the  air,  as  at  the  burner  for 
example,  that  it  can  be  ignited ;  combustion  being  in  feust  the  union 
in  the  presence  of  heat  of  the  hydrogen  and  carbon  of  the  gas  with 
atmospheric  oxygen. 

Explosions  of  the  kind  referred  to  are  produced  by  a  mixture  of  gas 
and  air  in  certain  proportions.  The  explosive  force  of  a  compound  of 
this  character  is  greatest  when  gas  is  mixed  with  eight  times  its  bulk 
of  air. 

Under  ordinary  circumstances  it  is  impossible  for  air  to  become 
mixed  with  the  gas  in  the  street  mains.  This  can  only  occur  when  a 
main  is  in  course  of  being  laid,  or  when  a  fresh  junction  is  being  made 
with  an  existing  main. 

In  the  case  of  the  London  explosions  referred  to,  a  new  main  was 
being  laid.    In  order  to  allow  of  this  being  done,  the  gas  was  either 
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wholly  or  partially  shut  off  at  the  jonotion  with  the  live  main. 
Probably  the  gas  was  only  partially  excluded ;  and  the  limited  quantity 
entering  would,  by  the  operation  of  the  law  of  the  diffusion  of  gases,, 
gradually  mix  with  the  air  existing  in  the  new  length  of  main,  till  it 
became  charged  throughout  its  course,  with  a  dangerously  explosive- 
compound.  On  the  application  of  a  light,  either  accidentally  or  from 
intention,  the  mixture  was  ignited,  with  disastrous  consequences  ta 
life  and  property. 

It  is  not  necessary  that  there  should  be  the  presence  of  actual  flame 
to  cause  ignition.  Dr.  Frankland  and  other  authorities  have  demibn- 
strated  the  fact,  well  known  to  most  gas  engineers,  that  explosive- 
mixtures  of  coal  gas  and  air  may  be  inflamed  by  a  spark  struck  from 
stone  or  metal ;  that  ignition  may  be  caused  by  a  spark  produced  fronv 
the  hammer  and  chisel  of  a  workman,  or  even  from  the  tramp  of  a 
horse  upon  the  pavement. 

There  is  no  absolute  necessity  that  the  gas  should  be  excluded  from 
such  an  extent  of  main  pipes  in  course  of  being  laid  as  to  incur  the 
risk  of  accident ;  because  the  main  for  a  short  space  from  the  point- 
where  the  junction  is  being  made  can  readily  be  closed  by  the  ordinary 
india-rubber  valves.  When  the  main  is  of  such  large  diameter  as  to 
preclude  the  possibility  of  a  valve  of  this  kind  being  used,  the  utmost 
precaution  is  necessary  to  ensure  the  expulsion  of  the  air  before  alight 
is  applied  to  test  the  soundness  of  the  joints. 

Under  any  circumstances  the  application  of  a  light  is  objectionable 
and  unnecessary,  as  the  joints  can  be  proved  when  the  main  is  under 
pressure  by  brushing  them  over  with  a  solution  of  soap  in  water. 

TESTING    OF   GAS-MAINS    IN    THE    GROUND. 

The  reduction  of  the  loss  of  gas  by  leakage  during  recent  years  is 
remarkable.  It  is  safe  to  estimate  that  twenty  to  twenty-five  yeara 
ago,  the  unaccounted-for  gas  averaged  sixteen  per  cent,  of  the  gas  pro- 
duced. At  the  present  time  the  average  is  only  one-half  that  figure, 
or  eight  per  cent.  This  reduction  is  largely  due  to  the  closer  atten- 
tion that  is  given  to  the  pressures  by  day  and  night ;  to  the  use  of 
governors  in  street  lighting;  and  to  the  better  supervision  that  is 
exercised  in  the  laying  of  mains  and  service-pipes. 

It  may  be  stated  as  a  salutary  rule,  that  the  mATimnm  initial  pres* 
sure  in  a  district  during  the  hours  of  the  heaviest  consumption,  should. 
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not  exceed  20-tentb8.  When  there  is  found  to  be  a  necessity  for  more, 
the  trunk  mains,  or  some  of  the  most  contracted  mains  branching? 
therefrom,  should  be  replaced  hj  larger  ones. 

Considerable  expense  must  be  incurred  in  any  systematic  attempt 
to  reduce  leakage  ;  but  wherever  in  a  district  the  unaccounted-for  gas 
exceeds  10  per  cent,  of  the  make,  the  expenditure  is  not  only  justifiable 
on  sanitary  and  other  grounds,  but  is  eventually  found  to  be  a  good 
and  profitable  investment. 

Various  appliances  have  been  devised  for  testing  gas  mains  in  the 
ground.    Brothers*  apparatus  consists  simply  of  two  80-light  meters. 


SU/=l^AC£        or       ROAD 


MAIN 


\x        -'^-:^^t....fi; 


Fig.  119. 


one  of  which  registers  the  passage  of  gas  in  the  usual  way ;  and  the 
other  is  made  to  act  as  an  exhauster,  either  by  continuing  the  spindle 
of  the  drum  through  the  casing  and  attaching  a  handle  to  it,  or  by 
means  of  a  small  wheel  geared  into  a  larger  one  on  the  periphery  of 
the  drum — the  former  being  actuated  by  a  handle  from  the  outside. 
The  main  having  been  severed,  and  the  two  ends  carefully  plugged, 
the  exhauster  inlet  is  connected  to  the  live  main,  and  the  meter  outlet 
to  the  dead  section  of  main;  the  exhauster  and  meter  also  being 
joined.     On  the  exhauster  being  gently  turned,  gas  is  drawn  from  the 
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live  main,  and  forced  tbrongh  the  meter  into  the  length  of  main  under 
test,  and  thos  the  amount  of  loss  in  a  certain  time  and  under  a  given 
pressure  is  indicated. 

The  great  cost  is  in  cutting  the  pipes,  reinstating  them,  and  finding 
the  exact  locality  of  the  escape.  To  obviate  the  necessity  of  severing 
the  pipes,  a  suggestion  was  made  at  the  meeting  of  the  Manchester 
District  Institution  of  Gas  Engineers  in  November  1879,  that  water- 
valves  or  traps  which  would  also  answer  the  purpose  of  drip  wells, 
might  be  permanently  placed  at  intervals  in  the  line  of  mains. 
These  traps,  having  a  diaphragm  extending  to  within  a  regulated 
distance  of  the  bottom,  on  being  charged  with  water,  would  form  a 
hydraulic  valve,  shutting  off  the  gas  from  any  section  of  main  as 
desired,  and  enabling  a  test  to  be  made  without  difficulty  and  at 
reduced  expense. 

Acting  on  this  suggestion,  Mr.  J.  H.  Lyon  has  introduced  an 
improved  syphon  box  or  hydraulic  valve,  for  attaching  to  mains, 
and  by  means  of  a  leakage  indicator  affixed  to  stand  pipes  on  each 
side  of  the  box  or  valve,  the  quantity  of  gas  escaping  is  readily 
ascertained.    (See  Fig.  119.) 
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TABLE 

Giving  Weight  and  Cost  per  Yard  of  Cast-Iron  Main  Gas  Pipes,  2,  8^, 
and  4  inchss  diameter,  at  Bates  from  £i  to  £10  per  Ton.  (Caieulated 
to  the  nearest  Penny, ) 


i. 

1 

4. 

OlMt  Of  Joint. 

Open. 

T.ftB. 

Flnge 

Open. 

T.AB. 

Flnge. 

Open. 

T.«B. 

Flnge. 

Woichl  per  jwd  in  lbs. 

S6 

86 

S6 

41 

42 

41 

08 

64 

64 

Cost  Der  TArd  at 

8.  d. 

8.d. 

s.d. 

B.d. 

8.d. 

s.d. 

■.  d. 

8.d. 

8.d. 

£4    0 

0     per  ton. 

0  11 

0  11 

0  11 

1    8 

1    8 

1    8 

lU 

lU 

lU 

4    2 

6          f> 

Oil 

0  11 

Oil 

1    8 

1    7 

1    8 

lU 

9    0 

2    0 

4    6 

0 

Oil 

1    0 

Oil 

1    7 

1    7 

1    7 

9    0 

9    1 

2    1 

4    7 

6 

1    0 

1    0 

1    0 

1    7 

1    8 

1    7 

2    1 

2    1 

9    1 

4  10 

0 

1    0 

1    1 

1    0 

1    8 

1    8 

1    8 

2    2 

9    2 

2  a 

4  12 

6 

1    0 

1    1 

1    0 

1    8 

1    9 

1    8 

2    2 

9    8 

2    8 

4  16 

0 

1    1 

1    1 

1    1 

1    9 

1    9 

1    9 

2    8 

2    8 

2    8 

4  17 

6 

1    1 

1    2 

1    1 

1    9 

1  10 

1    9 

2    4 

2    4 

2    4 

5    0 

0 

1    1 

1    2 

1    1 

110 

1  H 

1  10 

2    4 

2    6 

2    6 

6    2 

« 

1    2 

1    2 

1    2 

1  11 

1  11 

111 

2    6 

2    6 

9    8 

6    6 

0 

1    2 

1    8 

1    2 

1  11 

2    0 

111 

2    6 

2    6 

9    8 

5    7 

6 

1    2 

1    8 

1    2 

2    0 

2    0 

9    0 

2    7 

9    7 

2    7 

6  10 

0 

1    8 

1    8 

1    8 

2    0 

2    1 

2    0 

2    7 

9    8 

2    8 

6  12 

» 

1    8 

1    4 

1    8 

2    1 

2    1 

2    1 

2    8 

2    9 

2    9- 

6  16 

0 

1    8 

1    4 

1    8 

2    1 

2    2 

2    1 

2    9 

2    9 

2    9 

6  17 

« 

1    4 

1    4 

1    4 

2    2 

2    2 

2    2 

2    9 

9  10 

2  10' 

6    0 

0 

1    4 

1    6 

1    4 

2    2 

2    8 

2    2 

2  10 

2  11 

2  11 

6    2 

«             H 

1    4 

1    6 

1    4 

2    8 

2    4 

2    8 

2  11 

2  11 

2  11 

6    6 

0       7, 

1    6 

1    6 

1    6 

2    8 

2    4 

2    8 

211 

8    0 

8    0^ 

6    7 

«          H 

1    6 

1    8 

1    6 

2    4 

2    6 

2    4 

8    0 

8    1 

8    1 

6  10 

0          ^ 

1    6 

1    6 

1    6 

2    6 

2    6 

2    6 

8    1 

8    2 

8    2 

6  12 

«          » 

1    8 

1    8 

1    8 

2    6 

2    6 

2    6 

8    2 

8    2 

8    2 

6  16 

0           n 

1    8 

1    7 

1    8 

2    8 

2    6 

2    8 

8    2 

8    8 

8    8 

6  17 

6          ^ 

1    8 

1    7 

1    6 

2    8 

2    7 

2    8 

8    8 

8    4 

8    4 

7    0 

0          ^ 

1    7 

1    8 

1    7 

2    7 

2    8 

9    7 

8    4 

8    6 

8    6 

7    2 

»          » 

1    7 

1    8 

1    7 

2    7 

2    8 

2    7 

8    4 

8    6 

8    6 

7    6 

0 

1    7 

1    8 

1    7 

2    8 

2    9 

2    8 

8    6 

8    8 

8    8 

7    7 

8 

1    8 

1    9 

1    8 

2    8 

2    9 

2    8 

8    8 

8    7 

8    7 

7  10 

0 

1    8 

1    9 

1    8 

2    9 

2  10 

2    9 

8    7 

8    7 

8    7 

7  12 

8 

1    8 

1    9 

1    8 

2    9 

210 

2    9 

8    7 

8    8 

8    7 

7  16 

0 

1    9 

110 

1    9 

2  10 

an 

2  10 

8    8 

8    9 

8    9 

7  17 

6 

1    9 

1  10 

1    9 

2U 

2U 

211 

8    9 

8  10 

8  10 

8    0 

0 

1    9 

1  10 

1    9 

2U 

8    0 

9U 

8    9 

8  10 

8  10 

8    2 

« 

1  10 

111 

110 

8    0 

8    1 

8    0 

8  10 

»H 

8  11 

8    6 

0          ^ 

1  10 

1  11 

1  10 

8    0 

8    1 

8    0 

8U 

4    0 

4    0 

8    7 

8    r. 

1  10 

1  11 

110 

8    1 

8    2 

8    1 

4    0 

4    0 

4    (h 

8  10 

0 

1  U 

2    0 

1  11 

8    1 

8    2 

8    1 

4    0 

4    1 

4    1 

8  12 

6 

1  11 

2    0 

1  11 

8    2 

8    8 

8    9 

4    1 

4    2 

4    2 

8  16 

0          n 

1  11 

2    0 

1  11 

8    2 

8    8 

8    2 

4    2 

4    8 

4    8^ 

8  17 

6           " 

2    0 

2    1 

2    0 

8    8 

8    4 

8    8 

4    2 

4    8 

4    8 

9    0 

0 

2    0 

2    1 

2    0 

8    4 

8    6 

8    4 

4    8 

4    4 

4    4 

9    2 

e         ^ 

2    0 

2    1 

2    0 

8    4 

8    6 

8    4 

4    4 

4    6 

4    6 

9    6 

0          ,^ 

2    1 

2    2 

2    1 

8    6 

8    6 

8    6 

4    6 

4    8 

4    6 

9    7 

6 

2    1 

2    2 

2    1 

8    6 

8    6 

8    6 

4    6 

4    8 

4    6 

9  10 

0 

2    1 

2    2 

2    1 

8    6 

8    7 

8    8 

4    8 

4    7 

4    7 

912 

8 

2    2 

2    8 

2    2 

8    6 

8    7 

8    8 

4    7 

4    8 

4    8 

9  16 

0 

2    2 

2    8 

2    2 

8    7 

8    8 

8    7 

4    7 

4    8 

4    8 

9  17 

8 

2    2 

2    4 

2    2 

8    7 

8    8 

8    7 

4    8 

4    9 

4    9 

10    0 

0 

2    2 

2    4 

2    2 

8    8 

8    9 

8    8 

4    9 

4  10 

4  10> 
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TABLE 

Giving  Weight  and  Cost  per  Yard  of  Cast-Iron  Main  Gas  Fipes  5,  d, 
and  7  inches  diatneter,  at  Ilates  from  £4  to  J810  per  Ton,  (CalcuUUed 
to  the  nearest  Penny,) 


Diameter  in  Inolies. 

s. 

6. 

7. 

Class  of  Joint. 

Open. 

T.ftB. 

Flnge. 

Open. 

T.&B. 

Flnge. 

Open. 

T.ftB. 

Flnge. 

Weight  per  yard  in  lbs. 

77 

79 

78 

91 

98 

98 

lai 

Ui 

188 

Co8t  per  yard  at 

8.d. 

8.d. 

■.d. 

8.d. 

8.d. 

■.d. 

i.d. 

8.d. 

S.d. 

£4    0 

0 

per  ton. 

2    9 

2  10 

2    9 

8    3 

8    4 

8    8 

4    4 

4    6 

4    6 

4  a 

6 

* 

2  10 

211 

a  10 

8    4 

8    6 

8    6 

4    6 

4    7 

4    6 

4    6 

0 

2  11 

8    0 

8    0 

8    6 

8    6 

8    6 

4    7 

4    8 

4    8 

4    7 

6 

* 

8    0 

8    1 

8    1 

8    6 

8    7 

8    7 

4    9 

4  10 

4  10 

4  10 

0 

3    1 

8    2 

8    2 

8    8 

8    9 

8    8 

4  10 

6    0 

4  U 

412 

6 

** 

8    2 

8    3 

8    3 

8    9 

8  10 

8  10 

6    0 

6    1 

6    1 

4  16 

0 

*' 

8    3 

8    4 

8    4 

8  10 

3  11 

8  11 

6    2 

6    8 

6    8 

4  17 

6 

** 

8    4 

3    6 

8    6 

4    0 

4    1 

4    0 

6    4 

6    6 

6    4 

6    0 

0 

" 

8    6 

8    6 

8    6 

4    1 

4    2 

4    1 

6    6 

6    6 

6    6 

6  a 

6 

* 

8    6 

8    7 

8    7 

4    2 

4    8 

4    8 

6    6 

6    8 

6    8 

6    6 

0 

8    7 

8    8 

8    8 

4    3 

4    4 

4    4 

6    8 

6  10 

6    9 

6    7 

6 

" 

8    8 

8    9 

8    9 

4    4 

4    6 

4    6 

6  10 

6  11 

6  11 

6  10 

0 

8    9 

8  10 

8  10 

4    6 

4    7 

4    6 

6  U 

6    1 

6    0 

6  12 

6 

8  10 

4    0 

8  11 

4    7 

4    8 

4    7 

6    1 

6    3 

6    2 

6  16 

iD 

" 

8  11 

4    1 

4    0 

4    8 

4    9 

4    9 

6    2 

6    4 

6    4 

6  17 

6 

»» 

4    0 

4    2 

4    1 

4    9 

4  11 

4  10 

6    4 

6    6 

6    6 

6    0 

0 

" 

4    1 

4    8 

4    2 

4  10 

6    0 

4  11 

6    6 

6    8 

6    7 

6    2 

6 

** 

4    2 

4    4 

4    3 

6    0 

6    1 

6    0 

6    7 

6    9 

6    9 

6    6 

0 

** 

4    3 

4    6 

4    4 

6    1 

6    2 

6    2 

6    9 

6  11 

6  10 

6    7 

6 

" 

4    4 

4    6 

4    6 

6    2 

6    3 

6    8 

6  11 

7    1 

7    0 

6  10 

0 

" 

4    6 

4    7 

4    6 

6    3 

6    6 

6    4 

7    0 

7    2 

7    2 

6  12 

6 

" 

4    7 

4    8 

4    7 

6    4 

6    6 

6    6 

7    2 

7    4 

7    3 

6  16 

0 

4    8 

4    9 

4    8 

6    6 

6    7 

6    7 

7    4 

7    6 

7    6 

6  17 

6 

4    9 

4  10 

4    9 

6    7 

6    9 

6    8 

7    6 

7    7 

7    7 

7    0 

0 

4  10 

4  11 

4  10 

6    8 

6  10 

6    9 

7    7 

7    9 

7    8 

7    2 

6 

4  11 

6    0 

6    0 

6    9 

6  11 

6  10 

7    8 

711 

7  10 

7    6 

0 

" 

6    0 

6    1 

6    1 

6  11 

6    0 

6  11 

7  10 

8    0 

8    0 

7    7 

6 

6    1 

6    2 

6   a 

6    0 

6    1 

6    1 

8    0 

8    2 

8    1 

7  10 

0 

6    2 

6    8 

6    3 

6    1 

6    8 

6    2 

8    1 

8    4 

8    8 

7  12 

6 

*| 

6    3 

6    6 

6    4 

6    2 

6    4 

6    3 

8    8 

8    6 

8    4 

7  16 

0 

'[ 

6    4 

6    6 

6    6 

6    3 

6    6 

6    4 

8    4 

8    7 

8    « 

7  17 

6 

]| 

6    6 

6    7 

6    6 

6    6 

6    6 

6    6 

8    6 

8    9 

8    8 

8    0 

0 

" 

6    6 

6    8 

5    7 

6    6 

6    8 

6    7 

8    8 

8  10 

8    9 

8    2 

6 

6    7 

6    9 

6    8 

6    7 

6    9 

6    8 

8    9 

9    0 

8  11 

8    6 

0 

'1 

6    8 

6  10 

6    9 

6    8 

6  10 

6    9 

8  11 

9    2 

9    1 

8    7 

6 

'1 

6    9 

6  11 

6  10 

6  10 

6  11 

6  10 

9    1 

9    8 

9    2 

8  10 

0 

1' 

6  10 

6    0 

6  11 

6U 

7    0 

7    0 

9    2 

9    6 

9    4 

8  12 

6 

6  11 

6    1 

6    0 

7    0 

7    2 

7    1 

9    4 

9    7 

9    6 

8  16 

0 

]| 

6    0 

6    2 

6    1 

7    1 

7    3 

7    2 

9    6 

9    8 

9    7 

8  17 

6 

]| 

6    1 

6    8 

6    2 

7    3 

7    4 

7    8 

9    7 

9  10 

9    9 

9    0 

0 

ft 

6    2  ;  6    4 

6    8 

7    4 

7    6 

7    6 

9    9 

10    0 

9  10 

9    2 

6 

ii 

6    8     6    6 

6    4 

7    6 

7    7 

7    6 

910 

10    1 

10    0 

9    6 

0 

ft 

6    4 

6    6 

6    6 

7    6 

7    8 

7    7 

10    0 

10    8 

10    2 

9    7 

6 

1* 

6    6 

6    7 

6    6 

7    7 

7    9 

7    8 

10    2 

10    6 

10    4 

9  10 

0 

6    6 

6    8 

6    7 

7    9 

7  10 

7  10 

10    8 

10    6 

10    5 

9  12 

6 

(1 

6    7 

6    9 

6    8 

7  10 

8    0 

7  11 

10    6 

10    8 

10    7 

9  16 

0 

}i 

6    8 

6  10 

6    9 

7  11 

8    1 

8    0 

10    6 

10  10 

10    8 

9  17 

6 

11 

6    9 

6  U 

6  11 

8    0 

8    2 

8    1 

10    8 

10  11 

10  10 

10    0 

0 

»i 

6  11 

7    1 

7    0 

8    2 

8    4 

8    8 

10  10 

11    1 

11    0 
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TABLE 

Giving  Weight  and  Cost  per  Yard  of  Cast-Iron  Main  Gas  Pipes  8,  9, 
and  10  inclies  diameter,  at  Rates  from  £4  to  J610  per  Ton.  {Calculated 
to  tJie. nearest  Fenny.) 


Diameter  in  Inches. 

8. 

9.                 1 

10. 

COms  of  Joint. 

Open. 

T.&B. 

FlngB. 

Open. 

T.*B. 

Fhige. 

Open. 

T.&B. 

Plnge. 

Weight  pei  Yard  in  lbs. 

187 

140 

189 

158 

167 

165 

198 

196 

194 

Coat  per 

yard  at 

s.d. 

B.  d. 

8.  d. 

B.  d. 

s.d. 

8.  d. 

8.d. 

s.d. 

8.  d. 

J£4    0 

0    per  ton. 

4  11 

6    0 

6    0 

5    6 

6    7 

6    6 

6  10 

7    0 

6  11 

4    2 

6 

If 

6    1 

5    2 

6    1 

6    8 

6    9 

6    9 

7    1 

7    8 

7    2 

4    5 

0 

f) 

6    2 

6    4 

6    8 

6  10 

6    0 

6  11 

7    3 

7    5 

7    4 

4    7 

6 

%i 

6    4 

5    6 

6    6 

6    0 

6    2 

6    1 

7    6 

7    8 

7    7 

4  10 

0 

It 

6    6 

6    8 

6    7 

6    2 

6    4 

6    8 

7    9 

7  11 

7  10 

4  12 

6 

)f 

6    8 

5    9 

5    9 

6    4 

6    6 

6    6 

7  11 

8    1 

8    0 

4  16 

0 

n 

6  10 

5  11 

6  11 

6    6 

6    8 

6    7 

8    2 

8    4 

8    8 

4  17 

6 

>i 

6    0 

6    1 

6    1 

6    8 

6  10 

6    9 

8    4 

8    6 

8    6 

5    0 

0 

If 

6    1 

6    8 

6    2 

6  10 

7    0 

6  11 

8    7 

8    9 

3    8 

6    9 

6 

»f 

6    8 

6    6 

6    4 

7   a 

7    2 

7    1 

8    9 

9    0 

8  11 

6    6 

0 

ft 

6    6 

6    7 

6    6 

7    2 

7    4 

7    3 

9    0 

9    2 

9    1 

6    7 

6 

ft 

6    7 

6    9 

6    8 

7    4 

7    6 

7    6 

9    3 

9    6 

9    4 

6  10 

0 

ff 

6    8 

6  11 

6  10 

7    6 

7    9 

7    7 

9    6 

9    8 

9    6 

6  12 

6 

tf 

6  11 

7    0 

7    0 

7    8 

7  11 

7    9 

9    8 

9  10 

9    9 

6  15 

0 

ft 

7    0 

7    2 

7    2 

7  10 

8    1 

7  11 

9  10 

10    1 

10    0 

6  17 

6 

ft 

7    2 

7    4 

7    8 

8    0 

8    8 

8    2 

10    1 

10    8 

10    2 

6    0 

0 

ff 

7    4 

7    6 

7    6 

8    2 

8    6 

8    4 

10    3 

10    6 

10    6 

6    2 

6 

ff 

7    6 

7    8 

7    7 

8    4 

8    7 

8    6 

10    6 

10    9 

10    7 

6    6 

0 

ff 

7    8 

7  10 

7    9 

8    6 

8    9 

8    8 

10    9 

10  11 

10  10 

6    7 

6 

If 

7  10 

8    0 

7  11 

8    8 

8  11 

8  10 

10  11 

11    2 

11    1 

6  10 

0 

}f 

7  11 

8    2 

8    1 

8  10 

9    1 

9    0 

11    2 

11    6 

11    3 

6  12 

6 

ft 

8    1 

8    3 

8    8 

9    1 

9    8 

9    2 

11    4 

11    7 

11    6 

615 

0 

ft 

8    8 

8    6 

8    6 

9    8 

9    6 

9    4 

11    7 

11  10 

11    8 

6  17 

6 

ff 

8    6 

8    7 

8    6 

9    5 

9    8 

9    6 

11    9 

12    0 

11  11 

7    0 

0 

if 

8    7 

8    9 

8    8 

9    7 

9  10 

9    8 

12    0 

12    3 

12    1 

7    2 

6 

ff 

8    9 

8  11 

8  10 

9    9 

10    0 

9  10 

12    3 

12    6 

12    4 

7    5 

0 

ff 

8  10 

9    1 

9    0 

9  11 

10    9 

10    0 

12    6 

12    8 

12    6 

7    7 

6 

n 

9    0 

9    8 

9    2 

10    1 

10    4 

10    2 

12    8 

12  11 

12    9 

7  10 

0 

ft 

9    2 

9    6 

9    4 

10    8 

10    6 

10    6 

12  10 

13    2 

18    0 

7  12 

6 

It 

9    4 

9    6 

9    6 

10    6 

10    8 

10    7 

13    1 

13    4 

13    2 

7  16 

0 

n 

9    6 

9    8 

9    7 

10    7 

10  10 

10    9 

13    4 

13    7 

13    6 

7  17 

6 

>» 

9    8 

9  10 

9    9 

10    9 

11    0 

10  11 

18    6 

18    9 

13    7 

8    0 

0 

it 

9    9 

10    0 

9  11 

10  11 

11    8 

11    1 

13    9 

14    0 

13  10 

8    2 

6 

f» 

9  11 

10    2 

10    1 

11    1 

11    6 

11    8 

13  11 

14    8 

14    0 

8    5 

0 

yr 

10    1 

10    4 

10    8 

11    8 

11    7 

11    6 

14    2 

14    6 

14    3 

8    7 

6 

fl 

10    8 

10    6 

10    6 

U    6 

11    9 

11    7 

14    4 

14    8 

14    6 

8  10 

0 

ir 

10    5 

10    8 

10    7 

11    7 

11  11 

11    9 

14    7 

14  11 

14    8^ 

8  12 

6 

ir 

10    7 

10    9 

10    8 

11    9 

12    1 

nil 

14    9 

16    1 

14  11 

8  15 

0 

If 

10    8 

10  11 

10  10 

11  11 

12    8 

12    1 

16    0 

16    4 

16    2 

8  17 

6 

IT 

10  10 

11    1 

11    0 

12    1 

12    5 

12    8 

16    2 

16    6 

16    4 

9    0 

0 

ir 

11    0 

11    8 

11    2 

12    3 

12    7 

12    6 

16    6 

16    9 

16    7 

9    2 

6 

rt 

11    2 

11    6 

11    4 

12    6 

12    9 

12    8 

16    7 

16    0 

16    9 

9    6 

0 

n 

11    4 

11    7 

11    6 

12    8 

18    0 

12  10 

16  10 

16    2 

16    0 

9    7 

6 

n 

11    6 

11    9 

11    8 

12  10 

18    2 

13    0 

16    0 

16    6 

16    2 

9  10 

0 

ii> 

11    7 

11  11 

11    9 

18    0 

18    4 

13    2 

16    8 

16    8 

16    6 

9  12 

6 

1^ 

11    9 

12    0 

11  11 

18    2 

18    6 

18    4 

16    6 

16  10 

16    8 

9  16 

0 

11  11 

12    2 

12    1 

18    4 

18    B 

18    6 

16    8 

17    1 

16  10 

9  17 

6 

It 

12    1 

12    4 

12    8 

18    6 

18  10  118    8 

16  10 

17    8 

17    1 

10    0 

0 

i» 

m   8 

12    6 

12    6 

18    8 

14    0 

lis  10 

17    2 

17    6 

17    8- 
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TABLE 

-Giving  Weight  and  Cost  per  yard  of  Cast-Iron  Main  Gas  Pipes,  11,  12, 
and  18  inches  diameter,  at  Bates  from  £i  to  iSlO  per  Ton,  (Calculated 
to  the  nearest  Penny.) 


Diameter  in  laoaai.  J 

^^.           1 

u.        1 

18. 

a 

AMofJoinl.    1 

Open. 

T.AB. 

FInge. 

Open. 

T.ftB. 

Flnge. 

Open. 

T.fta 

Unge* 

Weigh!  p«ry«rd  In  Ibi. 

SIO 

815 

812 

840 

858 

851 

860 

878 

871 

Cort  per  yard  at 

B.  d. 

s.  d. 

8.  d. 

8.  d. 

8.  d. 

8.  d. 

8.  d. 

s.  d. 

8.  d. 

£4    0 

0 

per  ton. 

7  6 

7  8 

7  7 

8  11 

9  0 

9  0 

9  7 

9  9 

9  8 

4  a 

6 

7  9 

7  11 

7  10 

9  2 

9  4 

9  3 

9  11 

10  1 

10  0 

4  6 

0 

,f 

8  0 

8  2 

8  0 

9  6 

9  7 

9  6 

10  3 

10  4 

10  8 

4  7 

6 

8  2 

8  6 

8  3 

9  9 

9  11 

9  10 

10  6 

10  8 

10  7 

4  10 

0 

1, 

8  6 

8  8 

8  6 

10  0 

10  2 

10  1 

10  10 

11  0 

10  11 

4ia 

6 

n 

8  8 

8  11 

8  9 

10  3 

10  6 

10  4 

11  1 

11  8 

11  2 

4  16 

0 

8  11 

9  1 

9  0 

10  6 

10  9 

10  8 

U  6 

11  7 

11  6 

4  17 

6 

If 

9  2 

9  4 

9  3 

10  10 

11  0 

10  11 

11  9 

11  U 

1110 

6  0 

0 

9  4 

9  7 

9  6 

11  1 

11  4 

11  3 

12  0 

12  2 

12  1 

6  a 

6 

9  7 

9  10 

9  8 

11  4 

11  7 

11  6 

12  4 

12  6 

12  6 

5  6 

0 

f) 

9  10 

10  1 

9  11 

11  7 

11  10 

11  9 

12  7 

12  10 

12  8 

6  7 

6 

ti 

10  1 

10  4 

10  2 

11  11 

12  2 

12  0 

12U 

18  1 

13  0 

6  10 

0 

10  4 

10  7 

10  5 

12  2 

12  6 

12  4 

18  8 

18  6 

18  4 

6ia 

6 

»i 

10  7 

10  10 

10  8 

12  5 

12  8 

12  7 

18  6 

18  9 

18  7 

6  15 

0 

ti 

10  10 

11  1 

10  10 

12  9 

18  0 

12  11 

13  K) 

14  0 

13  11 

6  17 

6 

ft 

11  0 

11  3 

11  1 

13  1 

18  3 

13  2 

14  1 

14  4 

14  3 

6  0 

0 

:t 

11  3 

11  6 

11  4 

13  4 

13  7 

13  5 

14  6 

14  8 

14  6 

G  9 

6 

9t 

11  6 

11  9 

11  7 

13  7 

13  10 

13  9 

14  9 

14  11 

14  10 

6  5 

0 

tt 

11  9 

12  0 

1110 

13  11 

14  1 

14  0 

16  0 

16  8 

16  a 

6  7 

6 

t$ 

U  11 

12  8 

12  1 

14  2 

14  6 

14  3 

16  4 

16  6 

16  5 

6  10 

0 

12  8 

12  6 

12  4 

14  6 

14  8 

14  7 

16  7 

16  10 

16  9 

6  12 

6 

,% 

12  6 

12  8 

12  6 

14  9 

15  0 

14  10 

16  11 

16  2 

16  0 

6  15 

0 

tt 

12  8 

18  0 

12  9 

15  0 

15  8 

16  2 

16  3 

16  5 

16  4 

6  17 

6 

12  11 

13  2 

18  0 

15  3 

15  6 

16  6 

16  6 

16  9 

16  8 

7  0 

0 

It 

Id  2 

18  6 

13  8 

15  7 

15  10 

16  8 

16  10 

17  1 

16  11 

7  a 

6 

tt 

18  5 

13  8 

13  6 

15  10 

16  1 

16  0 

17  1 

17  4 

17  3 

7  5 

0 

It 

18  7 

13  10 

13  9 

16  1 

16  6 

16  3 

17  6 

17  8 

17  7 

7  7 

6 

tt 

13  10 

14  2 

14  0 

16  5 

16  8 

16  6 

17  9 

18  0 

17  10 

7  10 

0 

n 

14  2 

14  6 

14  2 

16  8 

16  11 

16  10 

18  0 

18  3 

18  2 

7  12 

6 

ft 

14  4 

14  8 

14  5 

16  11 

17  3 

17  1 

18  4 

18  7 

18  5 

7  16 

0 

t% 

14  6 

14  11 

14  8 

17  3 

17  6 

17  4 

18  7 

18  11 

18  9 

7  17 

6 

tt 

14  9 

16  1 

14  11 

17  6 

17  9 

17  8 

18  11 

19  2 

19  1 

8  0 

0 

ft 

16  0 

15  4 

16  2 

17  10 

18  1 

17  11 

19  8 

19  6 

19  4 

8  2 

6 

>i 

16  8 

16  7 

16  4 

18  1 

18  4 

18  2 

19  6 

19  10 

19  8 

8  5 

0 

tt 

15  6 

15  10 

16  7 

18  4 

18  7 

18  6 

19  10 

20  1 

20  0 

8  7 

6 

It 

15  8 

16  1 

16  10 

18  8 

18  11 

18  9 

20  1 

20  6 

20  3 

8  10 

0 

ft 

15  11 

16  4 

16  1 

18  11 

19  2 

19  0 

20  6 

20  9 

20  7 

8  12 

6 

i» 

16  2 

16  7 

16  4 

19  2 

19  6 

19  4 

20  9 

21  0 

20  10 

8  15 

0 

,« 

16  5 

16  10 

16  7 

19  6 

19  9 

19  7 

21  0 

21  4 

21  2 

8  17 

6 

tt 

16  8 

17  0 

16  9 

19  9 

20  1 

19  11 

21  4 

21  8 

21  6 

9  0 

0 

tt 

16  10 

17  3 

17  0 

20  0 

20  4 

20  2 

21  7 

21  11 

21  9 

9  2 

6 

It 

17  1 

17  6 

17  8 

20  4 

20  7 

20  5 

21  11 

22  8 

22  1 

9  5 

0 

tt 

17  4 

17  9 

17  6 

20  7 

20  11 

20  9 

22  3 

22  7 

22  5 

9  7 

6 

»i 

17  7 

18  0 

17  9 

20  10 

21  2 

21  0 

22  6 

22  10 

22  8 

9  10 

0 

ti 

17  30 

18  3 

18  0 

21  2 

21  6 

21  4 

22  10 

23  2 

23  0 

9  12 

6 

II 

18  1 

18  6 

18  3 

21  5 

21  9 

21  7 

28  1 

28  6 

23  4 

9  16 

0 

tt 

18  3 

18  9 

18  6 

21  8 

22  0 

21  10 

23  6 

28  9 

23  7 

9  17 

6 

fi 

18  6 

19  0 

18  8 

22  0 

22  d 

22  2 

23  9 

24  1 

23  11 

.10  0 

0 

ft 

18  9 

19  2 

18  11 

22  3 

22  7 

22  5 

24  0 

24  6 

24  a 

GAS   ENGINEEBS    AND   MANAGERS. 
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TABLE 

Oiving  Weight  and  Cost  per  Yard  of  Cast-Iron  Main  Gas  Pipes,  14,  15, 
and  16  inches  diameter^  at  Bates  from  £i  to  J610  per  Ton.  (Calculated 
to  the  nearest  Penny.) 


Diameter  in  indhea. 

14. 

16. 

16. 

OUwof  Jolnl. 

Open. 

T.ftB 

Flnge 

Open. 

T.AB 

Flnge 

Open. 

T.ftB, 

Flnge. 

Weight  p«r  yard  In  Ite. 

280 

906 

901 

800 

814 

811 

808 

868 

866 

Cost  per  yard  at 

8.  d. 

B.  d. 

8.  d. 

8.  d. 

8.  d 

8.  d. 

8.  d. 

8.  d. 

S.  d. 

^4  0  0   per  tOQ. 

10  4 

10  6 

10  6 

11  0 

U  8 

11  1 

18  0 

18  2 

18  1 

4  2  6 

10  8 

10  9 

10  9 

11  6 

11  7 

11  5 

13  4 

13  7 

18  6 

4    5    0 

11  0 

11  1 

11  1 

11  9 

11  11 

11  10 

18  9 

14  0 

18  11 

4  7  6 

11  8 

11  6 

11  4 

12  1 

12  8 

12  2 

14  2 

14  6 

14  4 

4  10  0 

11  7 

U  9 

11  8 

12  6 

12  7 

12  6 

14  7 

14  9 

14  8 

4  12  6 

11  11 

12  1 

12  0 

12  9 

18  0 

12  10 

15  0 

15  2 

16  1 

4  15  0 

12  8 

12  6 

12  4 

18  1 

18  4 

18  2 

15  6 

15  7 

16  6 

4  17  6 

12  7 

12  9 

12  8 

18  6 

18  8 

18  6 

15  10 

16  0 

15  11 

6  0  0     „ 

12  11 

18  1 

18  0 

18  10 

14  0 

18  11 

16  2 

16  6 

16  4 

5  2  6     » 

18  8 

18  6 

18  4 

14  2 

14  4 

14  8 

16  7 

16  10 

16  9 

6  6  0 

18  7 

18  9 

18  8 

14  6 

14  9 

14  7 

17  0 

17  8 

17  2 

6  7  6 

18  10 

14  1 

14  0 

14  10 

16  1 

14  11 

17  6 

17  8 

17  7 

6  10  0 

14  2 

14  6 

14  8 

15  2 

16  6 

16  8 

17  10 

16  1 

18  0 

6  12  6 

14  6 

14  9 

14  7 

15  6 

15  9 

16  7 

18  8 

18  6 

18  5 

6  16  0 

14  10 

15  0 

14  11 

15  10 

16  1 

16  11 

18  8 

18  U 

18  9 

6  17  6 

16  2 

15  4 

16  8 

16  8 

16  6 

16  4 

19  0 

19  4 

19  2 

6  0  0     „ 

16  6 

16  8 

16  7 

16  7 

16  10 

16  8 

19  6 

19  8 

19  7 

6  2  6 

16  10 

16  0 

15  11 

16  11 

17  2 

17  0 

19  10 

90  2 

20  0 

6  6  0 

16  1 

16  4 

16  8 

17  8 

17  6 

17  4 

20  8 

20  6 

20  5 

6  7  6 

16  6 

16  8 

16  7 

17  7 

17  10 

17  8 

20  8 

20  11 

20  10 

6  10  0 

16  9 

17  0 

16  11 

17  11 

18  8 

18  0 

21  1 

21  4 

21  8 

6  12  6 

17  1 

17  4 

17  8 

18  8 

18  7 

18  6 

21  6 

21  9 

21  8 

6  16  0 

17  6 

17  8 

17  6 

18  7 

18  11 

18  9 

21  10 

22  2 

22  1 

6  17  6 

17  9 

18  0 

17  10 

19  0 

19  8 

19  1 

22  8 

22  7 

22  6 

7  0  0 

18  1 

18  4 

18  2 

19  4 

19  7 

19  6 

22  8 

28  0 

22  10 

7  2  6 

18  6 

18  8 

18  6 

19  8 

20  0 

19  9 

23  1 

23  6 

28  8 

7  6  0 

18  8 

18  11 

18  10 

20  0 

20  4 

20  1 

23  6 

23  10 

23  8 

7  7  6 

19  0 

19  4 

19  2 

20  4 

20  8 

20  6 

23  11 

24  8 

24  1 

7  10  0 

19  4 

19  7 

19  6 

20  8 

21  0 

20  10 

24  4 

24  8 

24  6 

T12  6 

19  8 

19  11 

19  10 

21  0 

21  6 

21  2 

24  9 

25  1 

24  11 

7  16  0 

20  0 

20  8 

20  2 

21  4 

21  9 

21  6 

25  1 

25  5 

25  4 

7  17  6 

20  4 

20  7 

20  6 

21  9 

22  1 

21  10 

26  6 

25  11 

25  9 

«  0  0 

20  8 

20  11 

20  9 

22  1 

22  6 

22  2 

25  11 

26  8 

26  2 

8  2  6 

21  0 

21  8 

21  1 

22  5 

22  9 

22  7 

26  4 

26  8 

26  7 

8  6  0 

21  8 

21  7 

21  6 

22  9 

28  2 

22  11 

26  9 

27  1 

26  11 

«  7  6 

21  7 

21  11 

21  9 

28  1 

23  6 

23  8 

27  2 

27  6 

27  4 

8  10  0 

21  11 

22  8 

22  1 

23  6 

23  10 

23  7 

27  6 

27  11 

27  9 

8  12  6 

22  8 

22  7 

23  6 

23  10 

24  2 

23  11 

27  11 

28  4 

28  2 

8  16  0 

22  7 

22U 

22  9 

24  2 

24  6 

24  8 

28  4 

28  9 

28  7 

8  17  6 

22  11 

23  8 

28  1 

24  6 

24  10 

24  8 

28  9 

29  2 

29  0 

9  0  0 

23  8 

23  6 

23  4 

24  10 

25  3 

25  0 

29  2 

29  7 

29  5 

9  2  6 

28  7 

23  10 

23  9 

25  2 

25  7 

25  4 

29  7 

80  0 

29  10 

^  6  0 

28  10 

24  2 

24  0 

25  6 

25  11 

25  8 

80  0 

80  5 

80  3 

9  7  6 

24  2 

24  6 

24  4 

25  10 

26  8 

26  0 

30-5 

80  10 

80  8 

9  10  0 

24  6 

24  10 

24  8 

26  2 

26  7 

26  4 

30  9 

81  2 

81  0 

9  12  6 

24  10 

25  2 

25  0 

26  7 

27  0 

26  9 

31  2 

81  8 

81  5 

9  16  0 

26  2 

25  6 

26  4 

26  11 

27  4 

27  1 

31  7 

82  0 

81  10 

9  17  6     ;, 

26  6 

26  10 

25  8 

27  8 

27  8 

27  6 

32  0 

82  6 

82  3 

10  0  0 

25  10 

26  2 

26  0 

27  7 

28  0 

27  9 

82  6 

82  10 

82  8 
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TABLE 

Oiviruf  Weight  and  Cost  per  Yard  of  Cast-iron  Main  Gas  PipeSf  17,  18, 
and  19  inches  diameter,  at  Bates  from  £4  to  £10  per  Ton.  [Calculated 
to  the  nearest  Penny,) 


Diftmeter  In  Inohea. 

17. 

la 

l». 

Class  of  Joint 

Open. 

T,AB. 

FlBEij 

Opeo. 

T.A13. 

Finger 

Open. 

T,4B. 

FlDge* 

Weight  per  yard  In  lbs. 

3&4 

aoo 

387  1 

40e 

iia 

m  ; 

4S8 

m 

473 

Cost  per  yard  at 

B.  d. 

B.  d. 

8.  d. 

8.  d. 

s.  d. 

8.  d. 

8.  d. 

8.  d. 

8.  d. 

£A    0 

0   per  ton. 

18  8 

13  U 

13  10 

14  6 

14  8 

14  7 

16  8 

16  11 

16  10 

4  a 

6 

14  2 

14  4 

14  8 

14  11 

15  2 

16  1 

17  3 

17  6 

17  5 

4  5 

0 

14  7 

14  9 

14  8 

15  5 

15  7 

16  6 

17  9 

18  0 

17  11 

4  7 

6 

15  0 

15  8 

15  1 

15  10 

16  1 

16  0 

18  3 

18  7 

18  5 

4  10 

0 

15  5 

15  8 

16  6 

16  4 

16  7 

16  5 

18  10 

19  1 

18  11 

4  12 

6 

15  10 

16  1 

16  11 

16  9 

17  0 

16  11 

19  4 

19  7 

19  6 

4  15 

0 

16  8 

16  6 

16  5 

17  2 

17  6 

17  4 

19  10 

20  2 

20  0 

4  17 

6 

16  9 

17  0 

16  9 

17  8 

17  11 

17  10 

20  4 

20  8 

20  7 

5  0 

0 

17  2 

17  6 

17  8 

18  1 

18  5 

18  3 

20  11 

21  2 

21  1 

6  2 

6 

17  7 

17  10 

17  9 

18  7 

18  10 

18  9 

21  5 

21  9 

21  7 

6  6 

0 

18  0 

18  8 

18  2 

19  0 

19  4 

19  2 

21  11 

22  8 

22  1 

6  7 

6 

18  5 

18  9 

18  7 

19  6 

19  9 

19  8 

22  6 

22  10 

22  8 

5  10 

0 

18  10 

19  2 

19  0 

19  11 

20  3 

20  1 

23  0 

28  4 

23  2 

5  12 

6 

19  8 

19  7 

19  6 

20  6 

20  8 

20  6 

23  6 

23  10 

23  8 

6  15 

0 

19  8 

20  0 

19  10 

20  10 

21  2 

21  0 

24  0 

24  6 

24  3 

6  17 

6 

20  2 

20  6 

20  4 

21  4 

21  7 

21  5 

24  7 

24  11 

24  9 

6  0 

0 

20  7 

20  11 

20  9 

21  9 

22  1 

21  11 

25  1 

25  5 

25  3 

6  2 

6 

21  0 

21  4 

21  2 

22  2 

22  6 

22  4 

25  7 

26  0 

25  10 

6  5 

0 

21  5 

21  9 

21  7 

22  8 

23  0 

22  10 

26  1 

26  6 

26  4 

6  7 

6 

21  10 

22  2 

22  0 

23  1 

23  6 

28  8 

26  8 

27  0 

26  10 

6  10 

0 

22  8 

22  7 

22  5 

23  7 

23  11 

23  9 

27  2 

27  7 

27  6 

6  12 

6 

22  9 

23  1 

22  11 

24  0 

24  4 

24  2 

27  8 

28  1 

27  11 

6  15 

0 

28  2 

28  6 

23  4 

24  5 

24  10 

24  8 

28  2 

28  7 

28  5 

6  17 

6 

23  7 

28  11 

23  9 

24  11 

25  8 

25  1 

28  7 

29  2 

29  0 

7  0 

0 

24  0 

24  4 

24  2 

25  4 

25  9 

25  7 

29  8 

29  8 

29  6 

7  2 

6 

24  5 

24  10 

24  7 

25  10 

26  3 

26  0 

29  9 

30  3 

80  0 

7  5 

0 

24  10 

25  8 

25  0 

26  3 

26  8 

26  6 

80  3 

30  9 

80  7 

7  7 

6 

25  8 

25  8 

25  6 

26  9 

27  2 

26  11 

30  10 

31  3 

31  1 

7  10 

0     ;; 

25  8 

26  1 

25  11 

27  2 

27  7 

27  5 

31  4 

31  10 

31  8 

7  12 

6 

26  2 

26  7 

26  4 

27  8 

28  1 

27  10 

31  10 

32  4 

32  a 

7  15 

0 

26  7 

27  0 

26  9 

28  1 

28  6 

23  3 

32  4 

32  10 

32  8 

7  17 

6     ;, 

27  0 

27  5 

27  2 

28  7 

29  0 

28  9 

82  11 

38  6 

33  2 

8  0 

0 

27  5 

27  10 

27  8 

29  0 

29  5 

29  2 

83  5 

83  11 

88  8 

8  2 

6 

27  10 

28  4 

28  1 

29  6 

29  11 

29  8 

83  11 

84  6 

34  3 

8  5 

0 

28  8 

28  9 

28  6 

29  11 

80  4 

30  1 

84  6 

35  0 

34  9 

8  7 

6 

28  8 

29  2 

28  11 

30  4 

30  10 

80  7 

35  0 

35  6 

35  4 

8  10 

0 

29  2 

29  7 

29  4 

30  10 

81  8 

31  0 

35  6 

36  0 

85  10 

8  12 

e    !, 

29  7 

80  0 

29  10 

31  3 

31  8 

31  6 

36  1 

36  7 

86  4 

8  15 

0 

80  0 

80  5 

80  8 

31  8 

82  2 

31  11 

36  7 

37  1 

36  10 

8  17 

6 

SO  5 

SOU 

80  8 

82  2 

32  8 

32  5 

37  1 

37  8 

87  6 

9  0 

0 

80  10 

81  4 

81  1 

32  7 

38  1 

32  10 

87  7 

88  2 

87  11 

9  2 

6 

81  8 

81  9 

81  6 

33  1 

38  7 

83  4 

38  a 

88  8 

38  5 

9  5 

0 

81  8 

82  2 

31  11 

38  6 

84  0 

33  9 

38  8 

39  8 

39  0 

9  7 

6 

82  1 

82  8 

32  5 

34  0 

34  6 

34  3 

39  2 

39  9 

39  6 

9  10 

0 

82  7 

33  1 

32  10 

34  5 

34  11 

34  8 

39  8 

40  3 

40  0 

9  12 

6 

88  0 

38  6 

33  8 

84  11 

35  5 

85  2 

40  3 

40  10 

40  7 

9  15 

0 

88  5 

88  11 

83  8 

85  4 

35  10 

86  7 

40  9 

41  4 

41  1 

9  17 

I     : 

88  10  84  5 

84  1 

35  10 

36  4 

86  1 

41  8 

41  11 

41  7 

10  0 

84  81 

84  101 

34  7 

36  8 

86  9 

86  6 

41  9 

42  5 

42  2 
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TABLE 

Oiving  Weight  and  Cost  per  Yard  of  Cast-Iron  Main  GasPipes^  20,  21, 
and  22  irushes  diameter,  at  Rates  from  JB4  to  £10  per  Ton.  (CalcuLated 
to  the  nearest  Penny,) 


Diameter  in  Inohes. 

».     1 

1 

sa. 

OUh  of  Joint. 

Open. 

T.kB. 

Flnge, 

OlHm.  ' 

r.  &B,  FJngeJ 

OpOJL 

r.  4B, 

FLnge. 

Weight  per  yvrd  in  Ibfl. 

)m        EHXI 

49a 

cne 

631 

520 

569 

mh 

fiOO 

Cost 

r 

yard  at 

8.  d. 

B.  d. 

8.  d. 

8.  d. 

8.  d. 

8.  d. 

8.  d. 

8.  d. 

8.  d. 

£A    0 

per  toQ. 

17  7 

17  10 

17  8 

18  6 

18  8 

18  7 

20  11 

21  8 

21  1 

4  2 

6 

18  1 

18  6 

18  8 

19  0 

19  4 

19  2 

21  y 

21  11 

21  9 

4  6 

0 

f% 

18  8 

19  0 

18  10 

19  7 

19  11 

19  9 

22  8 

22  7 

22  6 

4  7 

6 

ft 

19  8 

19  6 

19  6 

20  2 

20  6 

20  4 

22  11 

23  8 

28  1 

4  10 

0 

" 

19  9 

20  0 

19  11 

20  9 

21  1 

20  11 

23  6 

28  11 

23  8 

4  12 

6 

20  4 

20  8 

20  6 

21  4 

21  8 

21  6 

24  2 

24  7 

24  4 

4  16 

0 

f, 

20  10 

21  2 

21  0 

21  10 

22  8 

22  1 

24  10 

26  8 

26  0 

4  17 

6 

" 

21  6 

21  9 

21  7 

22  6 

22  10 

22  8 

26  6 

26  11 

26  8 

5  0 

0 

21  11 

22  4 

22  2 

28  0 

28  6 

23  2 

26  2 

26  7 

26  4 

6  2 

6 

,1 

22  6 

22  11 

22  8 

23  7 

24  0 

23  9 

26  10 

27  8 

27  0 

6  5 

0 

28  1 

23  6 

23  8 

24  2 

24  7 

24  4 

27  6 

27  11 

27  8 

6  7 

6 

28  7 

24  0 

23  10 

24  9 

26  2 

26  0 

28  1 

28  7 

28  4 

6  10 

0 

ti 

24  2 

24  7 

24  4 

26  4 

26  9 

26  6 

28  9 

29  8 

29  0 

6  12 

6 

If 

24  9 

26  1 

24  11 

25  11 

26  4 

26  1 

29  6 

29  11 

29  8 

6  16 

0 

„ 

26  8 

26  8 

26  6 

26  6 

26  11 

26  8 

30  1 

30  6 

80  3 

6  17 

6 

1, 

26  10 

26  8 

26  0 

27  1 

27  6 

27  8 

30  9 

81  3 

30  11 

6  0 

0 

,t 

26  4 

26  9 

26  7 

27  8 

28  1 

27  10 

81  6 

31  10 

81  7 

6  2 

6 

26  11 

27  4 

27  2 

28  3 

28  8 

28  5 

32  0 

32  6 

82  3 

6  6 

0 

It 

27  6 

27  11 

27  8 

28  0 

29  3 

29  0 

32  8 

83  2 

82  11 

6  7 

6 

1, 

28  0 

28  6 

28  8 

29  4 

29  10 

29  7 

33  4 

38  10 

33  7 

6  10 

0 

28  7 

29  0 

28  9 

29  11 

30  6 

30  2 

34  0 

84  6 

84  8 

6  12 

6 

yi 

29  1 

29  7 

29  4 

30  6 

31  0 

30  9 

34  8 

86  2 

84  11 

6  16 

0 

n 

29  8 

30  1 

29  11 

31  1 

81  7 

31  4 

36  4 

85  10 

86  7 

6  17 

6 

,1 

30  2 

80  8 

30  6 

31  8 

32  2 

31  11 

36  0 

36  6 

86  3 

7  0 

0 

ft 

30  9 

81  3 

31  0 

82  8 

32  9 

82  6 

86  7 

37  2 

36  10 

7  2 

6 

ft 

31  4 

31  10 

31  7 

32  10 

83  4 

33  1 

87  8 

87  10 

87  6 

7  6 

0 

,1 

31  10 

32  4 

32  1 

33  6 

33  11 

33  8 

87  11 

88  6 

88  2 

7  7 

6 

11 

32  6 

32  11 

32  8 

34  0 

84  6 

34  3 

86  7 

89  2 

38  10 

7  10 

0 

32  n 

33  6 

88  2 

84  7 

86  1 

34  10 

39  8 

39  10 

89  6 

7  12 

6 

tl 

83  6 

34  0 

88  9 

35  2 

35  8 

36  6 

89  11 

40  6 

40  2 

7  16 

0 

,f 

34  0 

34  7 

84  4 

86  8 

36  3 

36  0 

40  6 

41  2 

40  10 

7  17 

6 

f, 

34  7 

36  2 

34  11 

36  8 

38  10 

36  7 

41  2 

41  10 

41  6 

8  0 

0 

f) 

85  2 

36  8 

36  6 

36  10 

37  6 

37  2 

41  10 

42  6 

42  2 

8  2 

6 

,t 

36  8 

86  8 

36  0 

37  6 

38  0 

37  9 

42  6 

43  2 

42  10 

8  6 

0 

86  8 

36  10 

36  6 

38  0 

38  7 

38  4 

43  2 

43  10 

43  6 

8  7 

6 

t) 

36  9 

87  6 

37  1 

88  7 

39  2 

38  11 

48  10 

44  6 

44  1 

8  10 

0 

tl 

37  4 

87  11 

37  8 

39  2 

89  9 

39  6 

44  6 

45  2 

44  9 

8  12 

6 

,1 

87  11 

88  6 

28  2 

89  9 

40  4 

40  0 

46  2 

45  10 

45  6 

8  16 

0 

,t 

88  6 

39  1 

38  9 

40  4 

40  11 

40  7 

46  9 

46  6 

46  1 

8  17 

6 

39  0 

39  7 

39  4 

40  11 

41  6 

41  2 

46  6 

47  2 

46  9 

9  0 

0 

tt 

89  6 

40  2 

89  10 

41  5 

42  1 

41  9 

47  1 

47  10 

47  6 

9  2 

6 

}t 

40  1 

40  9 

40  6 

42  0 

42  8 

42  4 

47  9 

48  6 

48  1 

9  6 

0 

40  7 

41  8 

40  11 

42  7 

43  8 

42  11 

48  6 

49  2 

48  9 

9  7 

6 

tt 

41  2 

41  10 

41  6 

43  2 

43  10 

43  6 

49  1 

49  10 

49  6 

9  10 

0 

ty 

41  9 

42  6 

42  1 

43  9 

44  6 

44  1 

49  8 

60  6 

60  0 

9  12 

6 

tt 

42  3 

43  0 

42  8 

44  4 

45  0 

44  8 

60  4 

61  1 

60  8 

9  16 

0 

„ 

42  10 

43  6 

43  2 

44  11 

45  7 

46  3 

61  0 

61  9 

61  4 

9  17 

6 

ft 

43  6 

44  1 

43  9 

46  6 

46  2 

46  10 

61  8 

62  6 

62  0 

10  0 

0 

f» 

43  11 

44  8 

44  8 

46  1 

46  9 

46  6 

62  4 

68  1 

62  8 
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TABLE 

Giving  Weight  and  Cost  per  Yard  of  Cast-Iron  Main  Gas  Pipes,  28,  24 
and  80  inches  diameter,  at  Rates  from  £4  to  £10  per  Ton.  (Calculated 
to  the  nearest  Penny.) 


DiMneterinlnohef. 

88. 

1        ^ 

1       ^ 

ClMiof  Jolnl. 

Open 

.  T.  ft  B.  Flnge J  Open.  It.  ft  B.I  Flnge J  Open.  JT.  ft  B.  Flnft, 

Weight  per  yard  in  lbs. 

611 

an 

616 

688    690 

686 

980 

996 

987 

Cost  pel 
ie4  0  0 

yard  at 

8.  d 

8.  d 

.  8.  d 

8.  d.  8.  d 

8.  d 

t.  d 

.   8.  d 

.  8.  d. 

pertOD. 

21  10 

22  S 

1  22  0 

24  7  24  11 

24  C 

85  0136  C 

1  86  8 

4  2  6 

f, 

22  6 

22  K 

1  22  8 

25  4  25  9 

25  6 

86  1 

36  8 

86  4 

4  5  0 

$$ 

28  2 

23  7 

23  4 

26  1  26  6 

26  3 

37  S 

37  9 

37  6 

4  7  6 

f. 

28  10 

24  3 

24  1 

26  1] 

L  27  4 

27  1 

38  8 

38  10 

38  7 

4  10  0 

If 

24  6 

24  11 

24  9 

27  81  28  1 

27  10 

39  4 

40  0 

39  8 

4  12  6 

ffi 

25  8 

25  8 

25  5 

28  fi 

28  10 

28  7 

40  6 

41  1 

40  9 

4  15  0 

•1 

26  11 

26  4 

26  1 

29  S 

29  8 

29  5 

41  7 

42  2 

41  10 

4  17  6 

yt 

26  7 

27  0 

26  10 

29  11 

30  5 

80  2 

42  8 

43  4 

43  0 

6  0  0 

ft 

27  8 

27  9 

27  6 

30  8 

31  2 

80  11 

43  9 

44  5 

44  1 

6  2  6 

n 

28  0 

^  6 

28  2 

31  6 

82  0 

81  9 

44  10 

45  6 

46  a 

6  6  0 

ft 

28  8 

29  1 

28  10 

32  8 

32  9 

82  6 

45  11 

46  8 

46  8 

6  7  6 

tf 

29  4 

29  10 

29  7 

38  0 

33  7 

83  3 

47  0 

47  9 

47  4 

6  10  0 

n 

80  0 

80  6 

30  3 

38  9 

34  4 

84  0 

48  1 

48  10 

48  6 

6  12  6 

ff 

80  8 

31  2 

30  11 

34  7 

36  1 

34  10 

49  3 

50  0 

49  7 

6  16  0 

tf 

81  4 

31  10 

31  7 

36  4 

85  11 

35  7 

50  4 

61  1 

50  8 

6  17  6 

ff 

32  1 

32  7 

32  4 

86  1 

86  8 

86  4 

51  5 

52  2 

51  9 

6  0  0 

ff 

82  9 

33  8 

33  0 

36  10 

37  5 

87  1 

52  6 

53  4 

62  10 

6  2  6 

ff 

3d  5 

34  0 

83  8 

37  8 

38  8 

87  11 

53  7 

54  5 

54  0 

6  5  0 

ft 

84  1 

34  8 

34  4 

38  6 

39  0 

38  8 

54  8 

55  6 

56  1 

6  7  6 

f» 

34  9 

85  4 

35  1 

39  2 

39  9 

39  5 

55  9 

56  8 

66  2 

6  10  0 

ff 

85  5 

36  0 

85  9 

39  11 

40  7 

40  2 

56  10 

67  9 

67  8 

6  12  6 

tf 

36  2 

36  9 

86  5 

40  8 

41  4 

41  0 

58  0 

58  10 

58  6 

6  15  0 

ft 

36  10 

37  5 

37  1 

41  5 

42  1 

41  9 

59  1 

59  11 

59  6 

6  17  6 

tf 

37  6 

38  1 

37  10 

42  3 

42  11 

42  6 

60  2 

61  0 

60  7 

7  0  0 

ft 

38  2 

38  10 

38  6 

43  0 

43  8 

43  4 

61  3 

62  2 

61  8 

7  2  6 

tf 

88  10 

39  6 

39  2 

43  9 

44  6 

44  1 

62  4 

63  3 

62  9 

7  5  0 

ft 

89  6 

40  2 

89  10 

44  6 

45  3 

44  10 

63  5 

64  6 

63  11 

7  7  6 

40  8 

40  11 

40  7 

45  4 

46  0 

45  7 

64  6 

66  6 

66  0 

7  10  0 

If 

40  11 

41  7 

41  8 

46  1 

46  10 

46  5 

66  7 

66  7 

66  1 

7  12  6 

f« 

41  7 

42  8 

41  11 

46  10 

47  7 

47  2 

66  9 

67  8 

67  2 

7  16  0 

ft 

42  8 

42  11 

42  7 

47  7 

48  4 

47  11 

67  10 

68  10 

68  8 

7  17  6 

It 

42  11 

43  8 

48  4 

48  5 

49  2 

48  9 

68  11 

69  11 

69  6 

8  0  0 

tt 

48  8 

44  4 

44  0 

49  2 

49  11 

49  6 

70  0 

71  0 

70  6 

8  2  6 

19 

44  4 

45  1 

44  8 

49  11 

50  9 

50  8 

71  1 

72  1 

71  7 

8  6  0 

It 

45  0 

45  9 

45  4 

50  8 

61  6 

51  0 

72  2 

78  8 

72  8 

8  7  6 

ft 

45  8 

46  5 

46  1 

51  5 

62  3 

51  10 

78  3 

74  4 

73  10 

8  10  0 

•  t 

46  4 

47  1 

46  9 

52  2 

58  0 

52  7 

74  4 

76  6 

74  11 

6  12  6 

ft 

47  0 

47  10 

47  6 

68  0 

58  10 

53  4 

75  6 

76  8 

76  0 

8  16  0 

t* 

47  9 

48  6 

48  2 

63  9 

54  7 

54  2 

76  7 

77  9 

77  1 

8  17  6 

ff 

48  5 

49  3 

48  10 

64  6 

55  5 

54  11 

77  b 

78  10 

78  8 

9  0  0 

tt 

49  1 

49  11 

49  6 

55  8 

56  2 

55  8 

78  9 

79  11 

79  4 

9  2  6 

it 

49  9 

50  7 

50  2 

56  1 

56  11 

56  6 

79  10 

81  1 

80  6 

9  5  0 

ff 

60  5 

61  8 

50  10 

56  10 

67  9 

67  3 

80  11 

82  2 

81  6 

9  7  6 

yy 

61  2 

52  0 

51  7 

67  7 

58  6 

58  0 

82  0 

88  3 

82  7 

9  10  0 

ft 

61  10 

52  8 

52  8 

58  4 

59  3 

58  9 

83  1 

84  5 

88  8 

9  12  6 

ft 

52  6 

53  4 

52  11 

59  2 

60  1 

69  7 

84  2 

85  6 

84  10 

9  15  0 

ff 

53  2 

54  1 

53  7 

59  11 

60  10 

60  4 

85  4 

86  7 

85  n 

9  17  6 

M 

53  10 

54  9 

54  4 

60  8 

61  8 

61  1 

86  5 

87  9 

87  0 

10  0  0 

n 

54  7 

55  5 

55  0 

61  6 

62  5 

61  10 

87  6 

88  10 

88  1 
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TABLE 

Chiving  Weight  arid  Cost  per  Yard  of  Cast-Iron  Main  Gas  Pipes  86,  42, 
and  48  inches  diatneter,  at  Rates  from  £4  to  JBIO  pur  Tan.  {Calculated 
to  the  nearest  Penny,) 


Dbuneler  in  Inches. 

86. 

42. 

48. 

aaM  of  Joint. 

Open. 

T.&B 

.  FInge 

Open. 

T.&B 

.  Flnge 

Open. 

T.&B 

.  Flnge. 

Weight  per  yard  in  lbs. 

1820 

1841 

1880 

1621 

1616 

1688 

1946 

1976 

1961 

Cost  per 
^64    0    0 

yard  at 

B.   d. 

8.    d. 

8.   d. 

8.   d. 

B.   d. 

8.    d. 

8.   d. 

8.  d. 

8.    d. 

per  ton. 

47    S 

\  47  11 

L  47    61  67  111  68    91  68    4 

69    61  70    71  70    0 

4    2    6 

48    "i 

r  49   t 

>  49    Ol  69    i 

60    7  60    2|  71    81  72    9|  72    8 

4    6    0 

1, 

60    ] 

60  11 

60    6 

61    C 

62    6|  61  1] 

1  73  10^  75    0  74    6 

4    7    6 

II 

61    -3 

'   62    I 

61  11 

68    i 

64    A 

63    91  75  IJ 

77    2  76    7 

4  10    0 

1, 

68    C 

68  IC 

)  63    6 

66    1 

66    S 

66    71  78    2|  79    6 

78    9 

4  12    6 

It 

64    6 

66    A 

64  11 

66  11 

f8    C 

67    6 

80    A 

81    7 

8L    0 

4  16    0 

66    C 

66  IC 

)  66    6 

es  9 

69  IG 

69    81  82    € 

83  10 

88    2 

1  17    6 

It 

67    6 

68    4 

57  11 

70    7 

71    8 

71    1 

84    € 

86    C 

85    4 

6    0    0 

II 

68  11 

69  10 

69    4 

72    4 

78    6 

72  11 

86  10 

88    a 

87    6 

6    2    6 

60    4 

61    4 

60  10 

74    2 

76    4 

74    9 

89    1 

90    6 

89    9 

6    6    0 

II 

61  10 

62  10 

62    4 

76    0 

77    2 

76    6 

91    8 

92    7 

91  U 

6    7    6 

68    4 

64    4 

63  10 

77  10 

79    0 

78    4 

98    6 

94  10 

94    1 

6  10    0 

II 

64  10 

66  10 

65    4 

79    7 

80  10 

80    2 

96    7 

97    0 

96    8 

6  12    6 

II 

66    4 

67    4 

66  10 

81    6 

82    8 

82    0 

97    9 

99    8 

98    6 

6  16    0 

67    9 

68  10 

68    8 

88    8 

84    6 

83  10 

99  11 

101    6 

100    8 

6  17    6 

•1         * 

69    8 

70    4 

69    9 

86    0 

86    4 

86    8 

102    1 

108    8 

102  10 

6    0    0 

•1 

70    8 

71  10 

71    8 

86  10 

88    2 

87    6 

L04    8 

106  10 

106    1 

6    2    6 

II 

72    2 

78    4 

72    9 

88    8 

90    0 

89    8 

L06    6 

108    0 

107    8 

6    5^ 

II 

73    8 

74  10 

74    2 

90    6 

91  10 

91    1 

108    7 

110    3 

109    6 

6    7    6 

II 

76    2 

76    4 

76    8 

92    8 

98    8 

92  11 

110    8 

112    6 

111    7 

6  10    0 

II 

76    7 

77  10 

77    2 

94    1 

96    6 

94    9 

112  11 

114    8 

118  10 

6  12    6 

1, 

78    1 

79    8 

78    8 

96  11 

97    4 

96    8 

116    1 

116  11 

116    0 

6  16    0 

79    7 

80  10 

80    2 

97    8 

99    2 

98    6 

117    8 

119    1 

118    2 

6  17    6 

,1 

81    0 

82    4 

81    8 

99    6 

101    0 

100    8 

119    6 

121    4 

120    6 

7    0    0 

tt 

82    6 

88  10 

83    1 

101    4 

102  10 

102    1 

121    7 

128    6 

122    4 

7    2    6 

II 

84    0 

86    4 

84    7 

103    1 

104    9 

103  11 

123  10 

126    8 

124    7 

7    6    0 

II 

86    6 

86  10 

86    1 

104  11 

106    6 

105    8 

l26    0 

127  11 

126  19 

7    7    6 

II 

86  11 

88    4 

87    7 

106    9 

108    6 

107    6 

128    2 

180    1 

129    1 

7  10    0 

II 

88    6 

89    9 

89    1 

108    6 

110    8 

109    4 

180    4 

132    4 

181    2 

7  12    6 

II 

89  10 

91    4 

90    6 

LIO    4 

112    1 

111    s 

182    6 

184    6 

188    4 

7  16    0 

II 

91    4 

92    9 

92    0 

L12    2 

118  11 

118    0 

134    8 

136    9 

186    3 

7  17    6 

II 

92  10 

94    8 

98    6 

L14    0 

116    9 

114  10 

136  10 

188  11 

137  11 

8    0    0 

II 

94    8 

96    9 

96    0 

L16    9 

117    7 

116    8 

189    0 

141    2 

140    1 

8    2    6 

It 

96    9 

97    8 

96    6 

L17    7 

119    6 

118    6 

141    2 

148    4 

142    8 

8    6    0 

II 

97    8 

98    9 

97  11 

119    6 

121    8 

120    8 

148    4 

146    7 

144    6 

8    7    6 

n 

98    9 

100    8 

99    6 

121    8 

123    1 

122    2 

145    6 

147    9 

146    8 

8  10    0 

1, 

LOO    2 

101    9 

100  11 

123    0 

124  11 

123  11 

147    8 

L49  11 

148  10 

812    6 

II 

LOl    8 

103    8 

102    5 

124  10 

126    9 

126    9 

149  10 

152    1 

i51    0 

816    0 

n 

108    1 

104    9 

103  11 

L26    8 

128    7 

127    7 

152    0 

164    4 

153    2 

8  17    6 

fi 

104    7 

106    8 

105    5 

128    6 

180    6 

129    5 

154    2 

156    6 

155    6 

9    0    0 

tf 

106    1 

107    9 

106  10 

130    8 

132    8 

181    8 

166    4 

158    9 

157    7 

9    2    6 

«f 

107    7 

109    8 

108    4 

L32    1 

184    1 

138    1 

168    7 

160  11 

159    9 

9    6    0 

ti 

109    0 

110    9 

109  10 

38  10 

135  11 

134  10 

it:o   8 

168    2 

161  11 

9    7    6 

II 

LIO    6 

112    8 

HI    4 

35    8 

137    9 

136    8 

162  11 

166    4 

164    1 

9  10    0 

II 

111  11 

118    9 

112  10 

87    6 

139    7 

138    6 

165    1 

167    7 

L66    4 

9  12    0 

If 

118    6 

116    8 

114    4 

89    4 

141    6 

140    4 

167    8 

169    9 

168    6 

916    0 

II 

114  11 

116    9 

115    9 

L41    1 

143    8 

142    2 

169    5 

172    0 

170    8 

9  17    6 

n 

116    6 

118    8 

117    8 

L42  11 

146    1 

144    0 

171    7 

L74    2 

172  10 

10    0    0 

II 

117  10 

119    9 

118    9 

L44    9 

146  11 

L46  10 

178    9 

176    5 

176    1 

q2 
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GAS   ENGINEEBS   AND   MANAGElSs.  ^29 


TABLES 

Of  the  Discharge  of  Gas,  in  Cubic  Feet  per  Iwur,  through  Pipes  of 
various  Diameters  and  .Lengths  at  different  Pressures. 

By  Thomas  G.  Bablow.    Extended  by  Thomas  NEwsiaaiNa. 

(The  specific  gravity  of  the  gas  is  taken  at  0*4,  air  being  1.) 

The  tables  are  calculated  according  to  the  formula  given  by  Professor 
Pole  in  his  valuable  article*  "  On  the  Motion  of  Fluids  in  Pipes.*' 

Q  =  quantity  of  gas  in  cubic  feet  per  hour. 

I  =  length  of  pipe  in  yards. 

d  =  diameter  of  pipe  in  inches. 

h  =  pressure  in  inches  of  water. 

s  =  specific  gravity  of  gas,  air  being  1. 


Q  =  1860  cP\/  —^ 


— i.e.f  multiply  the  pressure  in  inches  of  water  by  the  diameter  of  the 
pipe,  also  in  inches.  Divide  the  product  by  the  specific  gravity  of  the 
gas  multiplied  by  the  length  of  the  pipe  ill  yards.  Extract  the  square 
root  of  the  quotient,  which  root,  multiplied  by  the  constant  quantity 
1350,  and  the  square  of  the  diameter  of  the  pipe  in  inches,  gives  the 
number  of  cubic  feet  discharged  in  one  hour. 

Example. — It  is  required  to  find  the  number  of  cubic  feet  of  gas  of 
the  specific  gravity  of  *400,  which  will  be  discharged  in  one  hour  from 
a  pipe  8  inches  in  diameter,  and  1250  yards  in  length,  under  a  pressure 
of  15-lOths,  or  1^  inches  head  of  water. 

Thus— (Arf)  =  8x1-5  =  12. 

(  V — ;=-. Tiv^Tx^  =  '024,  the  square  root  being  =  '1549. 

^      s   I     '4  X  1260/ 

{   1850  d^\/~^  =  1850  X  64  X  -1649  =  18,888  cubic  feet  =  Q. 

•  See  "  King's  Treatise,"  Vol.  II.,  p.  874,  et  aeq. 
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Diameter  of  Pipe,  0-5  Ifich. 

Length  in  jftrdi. 

10. 

20. 

80. 

60. 

75. 

100. 

160, 

Qnantity  daUvered 
with  0-1  in.  preetiue. 

87-7 

26-7 

21-7 

16-8 

18-8 

11-9 

9-7 

0-2       \ 

68*4 

87-7 

80*6 

28-8 

19-6 

16-8 

18-8 

0-8          Z 

66-2 

46-8 

87-7 

29-1 

23-8 

20-7 

16-8 

0-4 

76-2 

68-8 

48-2 

83-7 

27-6 

28-8 

19-6 

0-6 

84-8 

69-4 

48-6 

37-4 

30-7 

26-7 

21-7 

0-6 

92-1 

661 

53-8 

41-1 

33-7 

290 

23-8 

0-8 

106-7 

76-4 

61-4 

47-5 

38-8 

88-7 

27-4 

1-0 

119- 1 

84-8 

68-8 

68-3 

43-2 

37-7 

80-8 

12           n 

180-6 

92-1 

76-2 

68-3 

47-6 

41-1 

88-7 

1«           » 

146-1 

108-2 

84-8 

661 

63-3 

46-9 

87-8 

1-8 

169-9 

1180 

92- 1 

71-6 

68-3 

60-6 

411 

2^           n 

168-7 

119-1 

97-2 

76-2 

61-4 

68-8 

43-6 

2-6           ^ 

188-6 

188-8 

108-6    I    84-3 

68-8 

69-4 

48-6 

Diameter  of  Pipe,  0*15  Inch. 


liength  in  jwcdM, 

la 

20. 

80. 

50. 

75. 

100. 

150. 

Quantity  deUvered 
with  0*1  in.  pressmre. 

104-3 

73-8 

60-0 

46-6 

37-9 

82-9 

26-9 

0-2 

147-6 

104-3 

84-9 

65-8 

63-7 

46-6 

87-9 

0-8 

179-9 

126-8 

104-3 

80-9 

66-8 

670 

46-6 

0-4 

207-3 

146-6 

119-9 

93-2 

76-9 

66-8 

63-8 

0-6 

282-3 

164-0 

133-6 

103-2 

04-3 

78-8 

60-0 

0-6           „ 

254-3 

179-9 

146-6 

113-9 

92-6 

79-7 

66-8 

0-8 

293-8 

207-8 

169-3 

131-3 

107-0 

92-6 

76-9 

10 

328-8 

282-3 

189-8 

146-6 

119-9 

103-2 

84-2 

12 

369-9 

2643 

207-3 

160-9 

131-3 

113-9 

92-6 

1-6 

402-4 

2840 

232-3 

179-9 

146-6 

126-8 

108-2 

1-8 

441-1 

311-3 

264-3 

192-2 

160-9 

138-9 

118-9 

2-0 

464-7 

328-8 

268-0 

207-3 

169  8 

146-6 

119-9 

2-6 

6194 

367-6 

299-9 

232-2 

189-8 

1640 

138-6 

Diameter  of  Pipe,  1  Inch. 


Length  in  yards. 

10. 

90. 

80. 

50. 

75. 

100. 

150. 

Quantity  deUvered 
with  0-1  in.  preseore. 

214-0 

161-0 

124-0 

950 

780 

67-0 

66-0 

0-2 

8020 

214-0 

175-0 

1350 

110-0 

95-0 

78-0 

0-8 

368-6 

260*6 

214-0 

165  0 

1860 

117-0 

960 

0-4 

426-6 

301-0 

245-7 

1900 

1560 

1360 

110-0 

0-5 

476-6 

887-6 

2740 

213-3 

172-8 

151  0 

123-0 

0-6 

622-4 

868-6 

8010 

233-6 

190-8 

164-7 

186-0 

08 

603-4 

426-6 

348-3 

270-0 

220-0 

190-8 

165-2 

10 

675-0 

476-6 

888-8 

301  0 

245-7 

213-8 

172-8 

12 

738-4 

622-4 

426-6 

829-4 

270-0 

233-6 

190-3 

1-6 

826-2 

584-6 

476-6 

868-6 

301  0 

260-6 

213-3 

1-9 

904-6 

639-9 

622-4 

405-0 

329-4 

286-2 

233-6 

20 

964-4 

675-0 

650-8 

426-6 

348-8 

801-0 

246-7 

2-6 

1,066-6 

764-6 

615-6 

476-5 

388-8 

337-6 

2740 
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Diameter  of  Pipe,  1'25  Inches, 


Iitngth  in  yftrdi. 

26. 

60. 

78. 

100. 

16a 

SCO. 

800. 

Quantity 
with  0-1  m 

deUvered 

.pressure. 

2860 

167-0 

137  0 

118-0 

96-0 

84*0 

680 

0-2 

883-0 

286*0 

192-0 

167-0 

187-0 

1180 

960 

0-8 

407-1 

2890 

286-0 

205-0 

167-0 

144-0 

1180 

0-4 

**        H 

470-8 

883-2 

272- 1 

2360 

192-0 

167-0 

187C 

0-6 

627-8 

871-2 

803-7 

263*6 

215-1 

187-0 

1520 

0-6 

675-8 

407-1 

833-2 

286-8 

285-8 

208-9 

166-6 

0-8 

666-6 

470-8 

883-9 

833-2 

272- 1 

235-8 

192-8 

1-0 

744-6 

627-8 

480-8 

871-2 

808-7 

268-6 

215  1 

1-2 

816-8 

676-8 

470-3 

407-1 

888-2 

286-8 

285-8 

1-6 

913-8 

645-4 

627-3 

455-6 

871-2 

822-7 

268-6 

1-8 

999-8 

706-4 

675-8 

499-9 

407-1 

862-2 

286-8 

20 

1,064-6 

744-6 

607-5 

627-3 

430-8 

871-2 

808-7 

2-6 

»» 

1,179  1 

883-2 

679-2 

588-5 

480-9 

416*6 

889-6 

Diameter  (^  Pipe,  1*5  Inchee. 


IJength  in  jftrdg. 

25. 

60. 

76. 

100. 

160. 

200. 

800. 

Qnantit^  delivered 
with  0*1  m.  pressure. 

874-0 

2640 

216-0 

187-0 

152-0 

132-0 

107-0 

0-2           „ 

528-0 

374-0 

804*0 

264-0 

215-0 

1870 

1520 

08           „ 

643-9 

458-0 

874-0 

3220 

2640 

2290 

1870 

0-4 

741-1 

525-4 

428-2 

8740 

804-0 

264-0 

216-0 

0-6 

829-2 

686-2 

479-9 

413-1 

839-6 

2960 

2890 

0-6 

911-2 

643-9 

625-4 

456-6 

870-6 

821-9 

261-2 

0-8 

1,050-9 

741-1 

607*5 

625-4 

428-2 

870-5 

808-7 

10 

1,175-6 

829-2 

677-3 

686-2 

479-9 

418-1 

839-6 

1-2 

1,287-9 

911-2 

741-1 

648-9 

626-4 

455-6 

870-5 

1-5 

1,439-7 

1,017-6 

829-2 

719-8 

686-2 

607-2 

418-1 

1-8 

1,576-4 

1,114-7 

911-2 

789-1 

648-9 

665-8 

456-6 

20 

1,661-6 

1,176-5 

959-8 

829-2 

677-3 

686-2 

479-9 

2-6 

1,868-9 

1,815-2 

1,072-2 

929-4 

759-8 

666-1 

684-6 

Diameter  of  Pipe,  2  Inches, 


Length  in  yards. 

50. 

76. 

100. 

150. 

200. 

80a 

60a 

Qns,ntity  delivered 

with  0*1  ID.  pressure. 

540 

441 

881 

811 

270 

220 

170 

02 

763 

628 

540 

441 

881 

811 

241 

0  3           „ 

934 

768 

665 

540 

468 

881 

296 

0-4           „ 

1,080 

880 

761 

623 

640 

441 

841 

0-6 

1,204 

988 

853 

697 

604 

492 

881 

0-6      '     „ 

1,318 

1,080 

934 

761 

669 

640 

416 

0-8 

1,523 

1,242 

1,060 

880 

761 

621 

481 

1-0 

1,706 

1,393 

1,204 

983 

858 

697 

640 

12           „ 

1,868 

1,523 

1,318 

1,060 

934 

761 

589 

1*6           i> 

2,090 

1,706 

1,474 

1,204 

1,042 

853 

659 

1-8 

2,290 

1,868 

1,620 

1,318 

1,145 

934 

724 

2-0 

2,414 

1,971 

1,706 

1,893 

1,204 

988 

761 

2-6 

2,700 

2,208 

1,906 

1,565 

1,350 

1,102 

868 

I 
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Diameter  of  Pipe,  2  •  6  Indies. 


liongth  in  yards. 

60. 

7a. 

100. 

150. 

90U. 

800.     1 

600. 

Quantity  < 

ielivered 

with  01  ID 

.  pressure. 

943 

770 

667 

646 

471 

836 

298 

0-2 

If 

1,836 

1,090 

943 

770 

667 

646 

421 

0-3 

•• 

1,628 

1,336 

1,172 

943 

819 

667 

616 

0-4 

>* 

1,882 

1,640 

1,333 

1,090 

943 

770 

696 

0-6 

If 

2,109 

1,721 

1,486 

1,216 

1,056 

861 

667 

0-6 

n 

2,303 

1,882 

1,628 

1,333 

1,148 

943 

731 

0-8 

tt 

2.666 

2,177 

1,882 

1,540 

1,333 

1,088 

844 

10 

>f 

2,978 

2,430 

2,109 

1,721 

1,485 

1,216 

948 

1-2 

f» 

3,265 

2,666 

2,303 

1,882 

1,628 

1,833 

1,029 

1*6 

tt 

8,653 

2,978 

2,582 

2409 

1,823 

1,485 

1,148 

1-8 

f> 

8,999 

3,265 

2.827 

2,303 

2,000 

1,628 

1,266 

2-0 

»» 

4.219 

8,443 

2,978 

2,430 

2,109 

],721 

1,333 

2*6 

n 

4,717 

3,848 

3,333 

2,717 

2,354 

1,924 

1,485 

.  Diameter  of  Pipe,  8  Inches. 


Length  in  yards. 

100. 

15a 

250. 

600. 

750. 

1000. 

1960. 

Quantity  delivered 
wUh  0*1  in  pressure. 

im 

869 

666 

471 

884 

888 

298 

0-2 

1,440 

1,214 

942 

666 

643 

471 

876 

0-3 

1,823 

1,487 

1,153 

815 

666 

676 

529 

0-4 

2,102 

1,713 

1,332 

942 

768 

666 

696 

0-5 

2,845 

1.920 

1,482 

1,054 

859 

744 

666 

0-6 

2,576 

2,102 

1,628 

1,152 

942 

816 

789 

0-8 

2,966 

2,480 

1,882 

1,824 

1,081 

942 

845 

1-0 

8,817 

2,709 

2,102 

1,482 

1,215 

1,062 

942 

1-2 

8,646 

2,966 

2,296 

1,628 

1,324 

1^52 

1,080 

1-6 

4,070 

8,817 

2,676 

1,823 

1,482 

1,288 

1,162 

1-8 

4,469 

3,646 

2,819 

1,993 

1,628 

1,409 

1,262 

2-0 

4,702 

5'S5 

2,966 
8,817 

2,102 

1,713 

1,482 

^»^ 

2-6 

6,261 

4.289 

2,346 

1,920 

1,662 

1,482 

Diameter  of  Pipe,  4  Inches. 


Length  in  yards. 

100. 

S6a 

600. 

760. 

looa 

1250. 

1600. 

Quantity  delivered 
with  0*1  in  pressure. 

2,160 

1.866 

966 

788 

683 

611 

657 

0-2 

8,064 

1,982 

1,866 

1,114 

966 

864 

788 

0-8 

8,787 

2,366 

1,673 

1,866 

1,183 

1,058 

966 

0-4 

4,820 

2,722 

1,982 

1,676 

1,366 

1,222 

1,114 

0-6 

4,817 

8,046 

2,160 

1,761 

1,626 

1,366 

1,246 

0-6 

6,270 

8,346 

2,354 

1,932 

1,672 

1,496 

1,366 

0-8 

6,091 

8,845 

2,722 

2,225 

1,932 

1,728 

1,576 

10 

D,o2o 

4,320 

3,046 

2,484 

2,160 

1,932 

1,761 

1-2 

7,474 

4,730 

8,846 

2,722 

2,354 

2,115 

1,922 

1-6 

8,359 

5,270 

8,737 

3,046 

2,635 

2,854 

2,160 

1-8            i» 

9,168 

5,789 

4,082 

3,346 

2,894 

2,592 

2,864 

20            »» 

9,666 

6,091 

4,820 

8.521 

8,046 

2,722 

2.484 

2*5            »> 

10,800 

6,826 

4,817 

8,981 

8,418 

8,046 

2,786 
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Diameter  of  Pipe,  6  Inches, 


Iiength  in  yards. 

100. 

260. 

500. 

760. 

1000. 

1260. 

1600. 

QnantitT  deUvered 
with  0-1  in.  preerare. 

8,540 

2,246 

1,687 

1,296 

1,122 

1,000 

910 

0-2 

6,005 

8,174 

2,246 

1,832 

1,687 

1,414 

1,296 

0-8 

6,614 

8,888 

2,748 

2,246 

1,948 

1,732 

1,576 

0-4 

7,626 

4,769 

3,174 

2,592 

2,245 

2,000 

1,820 

0-6 

8.488 

6,888 

8,778 

2,888 

2,608 

2,236 

1.934 

0-6 

9,214 

6,889 

4,118 

3,174 

2,748 

2,449 

2,246 

0*8 

10,665 

6,760 

4,769 

3,881 

8,174 

2,828 

2,696 

1-0           „ 

11,914 

7,626 

6,888 

4,354 

8,778 

3,174 

2,877 

1*2 

18,061 

8,285 

6339 

4,759 

4,118 

8,679 

8,876 

1-6           „ 

14,614 

9,214 

6,514 

6,338 

4,690 

4,118 

8.640 

1-8 

16,998 

10,126 

7,166 

6,839 

5,068 

4,528 

4,118 

20 

16,876 

10,666 

7,526 

6,148 

6,838 

4,769 

4,354 

2-6 

18,866 

11,914 

8,488 

6,885 

6,940 

6,888 

4,860 

Diameter  of  Pipe,  6  Inches, 


Ijength  in  yards. 

26a 

600. 

760. 

1   looa 

1    1260. 

1600. 

1760. 

Quantity  delivered 

with  01  in.  pressure. 

8,770 

2,660 

2,170 

1,880 

1,680 

1,530 

1,420 

0-2 

5,820 

3,770 

3,180 

•2,660 

2,870 

2,170 

2,010 

0-8 

6,630 

4,620 

8,770 

3,270 

2,920 

2,660 

2,460 

0-4 

7,640 

5,320 

4,340 

3,770 

3,860 

3,060 

2,840 

0-5 

8,408 

5,970 

4,860 

4,210 

8,770 

3,430 

3,180 

0-6 

9,186 

6,612 

6,320 

4,620 

4,130 

8,770 

3,460 

0-8 

10,643 

7,628 

6,124 

6,320 

4,740 

4,340 

4,020 

10 

11,868 

8,408 

6,853 

5,929 

5,320 

4,860 

4,500 

1-2 

13,025 

9,185 

7,628 

6,512 

5,832 

5,297 

4,929 

1-5 

14,680 

10,808 

8,408 

7,290 

6.512 

5,970 

5,500 

1*8 

15,941 

11,275 

9,186 

7,970 

7,139 

6,512 

6,026 

20 

16,816 

11,858 

9,720 

8,406 

7,528 

6,853 

6,360 

2-5 

18,808 

13,268 

10,838 

9,380 

8,408 

7,679 

7,096 

. 

Diameter  of  Pipe,  7  Inches, 

Length  in  yards. 

260.            600. 

760.     1     1000. 

1260. 

16C0. 

1760. 

Quantity  delivered 

with  0*1  in.  pressure. 

5,560 

8,920 

3,200 

2,780 

2,470 

2,270 

2,100 

0-2 

7,840 

5,560 

4,510 

8,920 

3,500 

3,200 

2,960 

0-3 

9,600 

6,800 

6,660 

4,800 

4,300 

3,920 

3,640 

0-4 

11,120 

7,840 

6,400 

5,660 

4,940 

4,640 

4,200 

0-6 

12,370 

8,750 

7,180 

6,200 

5,660 

5,060 

4,680 

0-6 

13,664 

9,586 

7,840 

6,800 

6,080 

5,560 

5,180 

0-8 

16.611 

11,047 

8,996 

7,840 

7,020 

6,400 

6,930 

10 

17,468 

12,870 

10,054 

8,732 

7,840 

7,180 

6,610 

1*2 

19,170 

18,654 

11,047 

9,586 

8,533 

7,806 

7,210 

1-5 

21,433 

16,148 

12,370 

10,716 

9,685 

8,760 

8,123 

1-8 

28,477 

16,597 

13,554 

11,709 

10,452 

9,865 

8,864 

20 

24,740 

17,463 

14,288 

12,370 

11,047 

10,054 

9,860 

2-6 

27,661 

19,567 

15,942 

13,825 

12,370 

11,292 

10,452 

234 


NEWBIGGING'S   HANDBOOK   FOB 


IHamet^  of  Pipe,  8  Inches. 


Iim^lnymrdt. 

S60. 

5oa 

Tsa 

1000. 

136a 

1600. 

176a 

Quantity  deUvered 
with  01  in.  pressure. 

7,760 

5.470 

4,470 

8,880 

3,460 

8,160 

2,990 

0-2 

10,940 

7,760 

6,310 

6,470 

4,880 

4,470 

4,180 

0-8 

18,400 

9,460 

7,760 

6,700 

6,980 

6,470 

6,050 

0-4 

16,620 

10,940 

8,940 

7,760 

6,920 

6,320 

6,840 

0-6 

17,280 

12,200 

9,900 

8,640 

7,760 

7.020 

6,520 

0-6 

18,922 

13,888 

10,940 

9.450 

8,480 

7.760 

7,160 

0^ 

21,861 

16,879 

12,614 

10,940 

9,780 

8,940 

8,260 

1-0 

24,866 

17,280 

14,083 

12,182 

10,940 

9,900 

9,287 

1-2 

26,767 

18,922 

16,379 

13,388 

11,923 

10,886 

10,109 

1-6 

29,894 

21,062 

17.280 

14,947 

18,383 

12,200 

11,800 

1-8 

82,746 

23,165 

18,922 

16,830 

14,602 

13,888 

12.356 

20 

84,560 

24,366 

19,872 

17,280 

16,379 

14,068 

18,040 

2-6 

88,621 

27,802 

22,291 

19,267 

17,280 

16,726 

14,601 

Diameter  of  Pipe,  9  Inches, 


Length  in  yards. 

960.            600.      1      75a 

1000. 

1250. 

1500. 

1750. 

QnantitvdeUvered 
idth  0-1  in.  preesnre. 

10,400 

7,380 

6.350 

6,200 

4,660 

4,250 

3,950 

0-2 

tt 

14,760 

10,400 

8,500 

7,380 

6,480 

6,000 

5,620 

0-8 

f> 

18,000 

12,780 

10,400 

9,000 

8,300 

7,380 

6,800 

0-4 

f» 

20.800 

14,760 

12,700 

10.400 

9,300 

8,500 

7,900 

0-6 

•t 

23,182 

16,600 

13,420 

11,900 

10,400 

9,680 

8,800 

0-6 

ff 

25,369 

17,933 

14.760 

12.780 

11,400 

10.400 

9,650 

0-8 

ft 

29,306 

20,667 

16,938 

14,760 

13,100 

12,000 

11,050 

1-0 

tt 

82,806 

23,182 

18,918 

16,403 

14,760 

13,420 

12,380 

1-2 

tt 

85,867 

25,369 

20,667 

17,933 

16,064 . 

14,653 

13.659 

1-6 

*t 

40,181 

28.409 

23,162 

20,011 

17,933 

16.500 

15,200 

1-8 

43,959 

81,056 

25,369 

21,979 

19,688 

17,933 

16,621 

20 

•1 

46,864 

82,806 

26,681 

23,182 

20,667 

18,918 

17,600 

2-6 

»f 

61,832 

86,632 

29,853 

25,916 

23,182 

21,106 

19,674 

Diameter  of  Pipe,  10  Inches. 


Length  in  yards. 

600. 

76a 

1000. 

1260. 

160a 

176a 

9000. 

Quantity  delivered 
with  O'l  in.  pressure. 

9,560 

7,800 

6,750 

6,050 

6,620 

6,100 

4,780 

0-2 

13,600 

11,040 

9,560 

8,020 

7,800 

7,800 

6,760 

0-3 

16,500 

13,500 

11,700 

10,520 

9,660 

8,850 

8,269 

0-4 

19,120 

15,600 

13,600 

12,100 

11,040 

10.200 

9,660 

0-6 

21,300 

17,400 

15,050 

13,500 

12,380 

11,400 

10,660 

0-6 

23,366 

19,120 

16,500 

14.800 

13,500 

12,500 

11,660 

06 

27,000 

22,006 

19,120 

17,050 

16,600 

14,400 

13,600 

1*0 

30,106 

24,570 

21,830 

19,120 

17,400 

16,160 

16.050 

1-2 

32,940 

27,000 

23,355 

20,911 

19,036 

17,660 

16,678 

1-6 

36,856 

30,105 

26,065 

23,356 

21,300 

19,600 

18,500 

i*2 

40,500 

32,940 

28,620 

26,516 

23,866 

21,600 

20,260 

2'2 

42,660 

34,830 

80,105 

27,000 

24,570 

22,800 

21,800 

2-6 

47,656 

38.880     33,760 

30,106 

27,640 

25,501 

28,760 
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Diameter  of  Pipe,  12  Inches. 


Ijength  In  yards. 

600. 

75a  1  1000. 

126a  1  i5oa 

178a 

MOO. 

QnaDtitjr  delivered 
with  O'l  in.  preasiuw. 

16,100 

12,800 

10,700 

9,660 

8,700 

8,060 

7,660 

02 

II 

21.400 

17,400 

15,100 

18,450 

12,800 

11,860 

10,700 

0-8 

II 

26,100 

21,400 

19,500 

16,500 

15,100 

18,880 

18,050 

0-4 

80,200 

24,600   21,400 

19,100 

17,400 

16,100 

16,100 

06 

If 

88,600 

27.600 

23300 

21,400 

19,440 

18.060 

16.800 

0-6 

fi 

86,741 

80,200 

26,100 

88,800 

21,400 

19,800 

19,600 

0-8 

42,578 

84.608 

80,200 

26,900 

24,600 

22,700 

21,400 

10 

»• 

47,488 

88.880 

83,681 

80,200 

27,600 

26,450 

28,800 

1-2 

tt 

52,099 

42,578 

86,741 

82,868 

80.112 

27,799 

26.049 

1-5 

II 

58,320 

47,488 

41,212 

86,741 

88,600 

81,250 

29,260 

1-8 

it 

63,768 

52.099 

45,100 

40,896 

86,741 

84,020 

81,881 

20 

II 

67,262 

64,820 

47,483 

42,578 

88,880 

86.100 

83,600 

2-5 

»f 

75,232 

61.480 

63,071 

47,488 

48,861 

40.240 

87.619 

Diameter  of  Pipe,  14  Indies. 


liength  in  yardi. 

6oa 

75a 

1000. 

1250. 

i6oa 

176a 

2000. 

with  01  in.  pressure. 

22.100 

18,100 

15,600 

13,950 

12,750 

11,800 

11,050 

0-2 

31,200 

25,500 

22,100 

19,800 

18,100 

16,700 

16,600 

03 

38,400 

81,200 

27,100 

24.250 

22,100 

20,500 

19.200 

0-4 

44,200 

36,200 

31,200 

27,900 

25,500 

23,600 

22.100 

0-6 

49.400 

40,400 

35,000 

31,200 

28,500 

26,460 

24,700 

06 

54,216 

44.200 

38.400 

84,300 

81,200 

28,900 

27,100 

08 

62,445 

51,067 

44,200 

89,600 

86,200 

83,400 

31.200 

10 

69,854 

57.163 

49,480 

44,200 

40,400 

87,300 

36,000 

1-2 

76,681 

62,445 

54,216 

48,421 

44,188 

40,986 

38.340 

1-5 

85,730 

69,864 

60,593 

54.216 

49,400 

45,700 

42,600 

1-8 

93,906 

76,681 

66,414 

69,270 

54,216 

60,009 

46,834 

20 

98,960 

80,703 

69.854 

62.445 

57,163 

62,920 

49.400 

2-6 

110,602 

90,228 

78,268 

69,864 

63,768 

59,005   65,301 

Diameter  of  Pipe,  15  Incites. 


Length  in  yards. 

5oa 

75a  1  1000.  I  lasa 

1600. 

1760.  1  aooo. 

Quantity  delivered, 
with  0*1  in.  pressure. 

26,800 

21,400 

18,600 

16,600 

15,200 

14,000 

13,150 

0-2 

II 

37,200 

30,400 

26,300 

23.500 

21,400 

19,900 

18.G00 

08 

ti 

45,500 

37,200 

32,250 

28,760 

26,300 

24,800 

22,750 

0-4 

w 

52,600 

42,800 

37,200 

33,200 

80,400 

28,000 

26.300 

0-5 

it 

58,700 

48,000 

41,600 

37,200 

34,000 

31,400 

29,360 

06 

II 

64,395 

52,600 

46,500 

40,700 

37,200 

34,450 

32.250 

0-8 

)l 

74.115 

60,760 

62,600 

47,000 

42,800 

89,800 

37;200 

10 

It 

82,923 

67,736 

58,623 

52,600 

48.000 

44,400 

41,600 

1-2 

ft 

91,125 

74,116 

64,396 

67,408 

52,548 

48,600 

45,562 

1-5 

II 

101,756 

82,923 

71,983 

64,395 

58,700 

64,300 

60,800 

1-8 

II 

111,476 

91,125 

78,914 

70,470 

64,895 

69,686 

55,686 

20 

•1 

117,551 

95,985 

82,923 

74,115 

67,736 

62,800 

58,700 

2-6 

tt 

131,523  1 107,223  I  92,947 

82,923 

76,937 

70,166 

65,610 
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Diameter  of  Pipe,  16  Inches. 


Length  in  Tarda. 

600. 

760. 

1000. 

1860. 

1600. 

1760. 

3000. 

Quantity  deUvered. 
with  01  in.  pressure. 

81,000 

a'i.GSO 

SI  .850 

19,560 

17,850 

16,660 

15,600 

0^ 

tf 

43,700 

85.700 

SI    ^ 

27,700 

25,260 

23,400 

21,850 

0-3 

n 

63,600 

4V0O 

8      00 

3^000 

31,000 

28,700 

28,800 

0-4 

II 

62,000 

6O..^0O 

4      OO 

3£-  ■■K) 

36,700 

33,100 

31,000 

0-5 

«» 

69A20 

6ri/.00 

4      OO 

4J    ,.KJ 

39,900 

37,150 

84,560 

0-6 

75,686 

6:1000 

fi      OO 

47   iUO 

48,700 

38,100 

40,700 

0-8 

87,402 

71,198 

€      OO 

6(.  \m 

60,500 

46,800 

43,700 

10 

97,469 

7fJ.;B8 

(    sao 

6S    KX) 

56,600 

62,400 

49,000 

1-2 

107,066 

S7,302 

■3      B6 

6";  ,o;j 

61,516 

57,024 

53,633 

1-5 

119,677 

97J59 

S      26 

11   m 

69,120 

63,900 

60,100 

1-8 

130,982 

107,1166 

i      20 

8i    '11 

76,686 

70,067 

65,318 

20 

11 

188,240 

nij.65 

t,.!69 

8'*,ir*2 

79,488 

74,300 

69,120 

2-5 

i» 

164,483 

l£ii.l44 

lif.KlS^ 

97. 4 no 

89,164 

82,598 

77,068 

Diameter  of  Pipe,  18  Inches, 


Length  in  yards. 

500. 

750. 

1000. 

1500. 

2000. 

2600. 

8000. 

Quantity  delivered 
with  01  in.  pressure. 

41,400 

Sn,BOO 

e^^■10o 

28,900 

2OJ0O 

]A,400 

10,900 

0-2 

68,800 

47,H00 

41,J0O 

83,B00 

SjpiOO 

f^'/'OO 

2H"5,yOO 

0-8 

71,800 

5H.^0O 

60,<^00 

41,100 

8.^;»00 

00 

2^1-100 

0-4 

82,800 

67.*>00 

tH,H0O 

47,800 

4i,40O 

00 

33.B00 

0-5 

92,600 

7^,700 

r-'^,B0O 

6;iri00 

4G,::'0O 

00 

37,850 

0-6 

101,476 

h^iMm 

Tl.iiOO 

tH.hOO 

60,^00 

00 

41,400 

0-8 

117,228 

9.'^^J90 

8:i.s00 

67,iiOO 

5^/^00 

i       OO 

'17,800 

10 

131,220 

l(H:h725 

<J2J28 

70,700 

6.y.'.00 

i       00 

ca,600 

1-2 

143,467 

117,'J!23 

101,176 

^'^,068 

71,733 

1       54 

C8,611 

1-6 

161,400 

151/^'30 

1];;,''36 

^'i,728 

eo.i'oo 

00 

65,600 

1-8 

175,834 

\r6.  \\yl 

11- 1. '221 

1(1  L 176 

87/.17 

32 

71,733 

2-0 

185,467 

161,^40 

UU,^?20 

1('     25 

9      28 

. ,  00 

76,700 

2-6 

207,827 

lGy,278 

I46v'29 

i:      10 

IC      63 

^rj,728 

84,500 

Diameter  of  Pipe,  20  Inches, 


Length  in  yardi. 

SOD.      1      750.           IDOO.     1     IJKIO.     |     ^m^. 

3SO0.     1     8000. 

Qoantity  delivered 

1                 1                  1                  1 

with  01  in. 

pressure. 

64,000 

44,000 

38,260 

81,200 

27,000 

24,200 

22,000 

0-2 

It 

76,,'iCO 

62,400 

64,000 

44,000 

38,260 

34,200 

81,200 

0-8 

)i 

^^^,oO0 

76,600 

66,100 

54,000 

46,760 

41,800 

88,250 

0-4 

»} 

inH,000 

88,000 

76,600 

62,400 

54,000 

48,400 

44,000 

0'5 

t» 

]2^f/iOO 

98,800 

85,300 

69,800 

62,250 

64,000 

49,400 

0-6 

»» 

n[,7<jO 

108,000 

93,500 

76,600 

66,100 

59,100 

54,000 

0-8 

It 

1;  i.JsO 

124,200 

108,000 

88,000 

76,500 

68,400 

62,400 

10 

It 

V.'JMO 

139,320    120,420 

98,800 

86,800 

76,500 

69,800 

1-2 

It 

lHi,^30 

162,280    131,760 

108,000 

98,420 

83,646 

76,140 

1-5 

It 

2v^:m 

170,640    147,420 

120,420 

102,300 

98,5C0 

85,300 

1-8 

It 

2-^^JijO 

186,840  1 162,000 

131,760 

114,460 

102,060 

93,420 

20 

It 

2-Jl,:^;^ 

197,100    170,640 

189,820 

120,420 

108,000 

98,800 

2-6 

270,000 

220.320  1  190,620  |  155,620 

135,000 

120,420 

110,200 
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Diairmter  of  Pipe^  22  Inch^, 


LengUl  iD  ym-Oa. 

!    5oa 

760. 

lOOO. 

1500. 

9000. 

2500,    1    aooo. 

QuuiUty  deltTBfcd 

' 

with  0^1  m.  prtH&are. 
0"2           ,, 
0-3 

o1     ;: 

1-0 

S     :: 

68,600 

66,000 

43,400 

39,000 

34,800 

30,700 

28.000 

96,800 
119, BOO 

7!>,aoo 

96,800 

66,600 
S4,000 

5(5,000 
68,600 

48,000 
69,400 

43,400 
53,300 

39,600 
48,i00 

1^7^300 

U2,000 

90,(^00 

73,200 

68,600 

0],4O0 

50,000 

153,500 

132,500 

108,200 

88,600 

76,600 

68,400 

61,200 

1 168,677 

137,300 

116,800 

96,800 

ai,ooo 

75,000 

<^,t>00 

193,lOfi 

158,122 

ia7,aoo 

112,000 

96300 

S(j,500 

79,aoo 

!  9l5t27B 

170,118 

152,895 

122,500 

106,200 

96,800 

8&,*i00 

237,184 

198,406 

108,577 

136,660 

118,266 

106,850 

96.703 

i  366,280 

216,375 

187,52j-| 

152,895 

132,000 

118.800 

108H2tJ0 

1  2U0.(3W7 

:237il81 

203,860 

108,577 

145.054 

130,026 

Hhi.265 

'  ^>,4il 

21^,598 

216,276 

176,413 

152,y95 

137,200 

122,500 

1  3i2,3»l 

273,(h'iS 

2-12,280 

m.326 

171.190 

152,895 

140.000 

Diameter  of  Fipe^  24  Inchm, 


Length  ia  jnrdB. 

COO. 

750. 

1000. 

lEoa. 

aooo. 

WW. 

3000. 

with  01  iii.  pressure. 

84,000 

08,000 

59.500 

48,600 

42,000 

37,500 

34,300 

n1 

119,000 

97,000 

84,000 

68.000 

5D^500 

£3,400 

48,600 

Si 

14,'>,nOO 

119,000 

103,000 

64,000 

73,700 

fl5,aoo 

59,.'i00 

0^4            „ 

lf>8,000 

137,200 

119,000 

97,000 

84,000 

76,000 

68,*j00 

06            „ 

187.500 

155,000 

135,600 

K1S,000 

93300 

84.000 

77,600 

0*6            „ 

208  ,.^95 

IfjJ^.OOO 

l-L^j.OOO 

119,000 

l(Xl,0QO 

92,000 

64 .000 

?A 

210,GlI0 

1%,055 

168,000 

137,200 

119,000 

10G,IX>0 

97,000 

U 

269, ma 

219,283 

189,734 

156,000 

135,000 

119,000 

108,»VX) 

1-3            „ 

294,710 

240,900 

208.396 

170,2114 

140,lMiti 

131,114 

120.450 

11 

32il,702 

2^i9,049 

23;i;2i^0 

189,734 

163,000 

145,500 

135,600 

It 

3^(0,80(1 

294,710 

255.052 

24T6,39G 

180,403 

161.685 

140,966 

20 

;^0,946 

311.040 

2*19,049 

219,2H3 

169,734 

168,000 

155,000 

fl'S 

425,3-17 

347,587 

300,931 

245,721 

212,234 

189,734 

172,000 

Diam^er  of  Pijm^  2G  Imhe^, 


LengUi  iu  jftidi. 

750.           1000.          1600. 

2000. 

St-iOO. 

aooo.    j    4noa. 

QawJtCtj  deliTOTed 

1 

1 

M\\h  0*1  m,  preeaura. 

a5,ooo 

73,5C0     00,0Q0 

52,000 

4FI,600 

42,500      36.7£0 

Ti 

120,000    104,000      85,000 

73,500 

ro,soo 

rO,lKX)      62,000 

Vi 

147,000  ,  1S7.000    104,0  0 

IK),000 

80.600 

73,500  t    6,^,500 

0-4 

170,000    147,000    120,000 

101.000 

93,000 

85,000      73.-^^00 

2:5 

189,000  !  16.5,000  .  Li4,000 

U6,000 

104.000 

94.600 

82.500 

(HI 

208,000    180,0(10    147,0(K^ 

127,000 

114,000 

104,000 

90,000 

0^ 

210,013  '  2{B.0OO    170,0m) 

117.000    132,000 

120.000 

104,000 

I'O 

2Jie,304    232,ri21    189,000 

l(>5,0t)0  ,147.000  !  134.000 

ll6i)00 

XI 

2113,857  i  2.^4,615    206,072 

179,782 

160,617    i46,tK38 

12«),851 

\l 

326,536  1  284.731  1  232,r»21 

2Ci  1,000 

180,000  \mmy 

1.12aJ00 

18 

360,385    312,109  '  254,615 

2a},0*i6 

197,121    179,7J^2    i564W4 

tl 

879,641     328.536    268,304 

232,621 

208,000    169,000  ,  165,000 

!'S 

424,359  1  307,777    300,2^15 

260,091  1  232,1121  1  213,000  '  184,000 

so 

465,334    402,456    328,536 

284.731 

254,615 

232,621 

201,000 
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Diameter  of  Pipe,  28  Inches 

Length  in  yards. 

1000. 

1500. 

8000. 

2500. 

8000. 

4000. 

6000. 

Quantity  delivered 

with  0*6  in.  preBsore. 

lea.ooo 

161,000 

140,000 

125,000 

114,500 

90,000 

88,600 

06 

airlH56 

17fiJ52 

i63viea 

136,688 

124,891 

107,;*56 

9n,nM 

08 

24".7a2 

2()J,'271 

17(iJ52 

167,701 

143,942 

iai,H91 

111.^173 

10 

2eH-i.(?oo 

2P'X?00 

l^H.OOO 

177,000 

161,000 

14Ct.(X)0 

125,000 

1-2 

8(       U 

2^     ■■■^•l 

2]       B6 

193,687 

176,752 

16:^.B62 

13t>.533 

15 

8^      21 

2f        0 

2^       DO 

216,000 

198,000 

17  J, 000 

163.500 

1-8 

S-J      26 

8(       21 

2(       58 

287,081 

216,866 

ie7;i:J6 

167,227 

20 

89^.^41 

3£i,^^r2 

28M'00 

260,000 

229,000 

19^X00 

177,300 

2-5      ,; 

442, ill 

8eiO,L>14 

31J,074 

280,000 

265,000 

222.000 

198,000 

30 

481,747 

8^i5,H4L 

342,921 

806,724 

280,000 

241. (^ 

2]fi,000 

Diameter  of  Pipe,  80  Inches, 

Length  in  yards. 

1000. 

2i>X). 

SODD. 

moii. 

500U, 

75O0, 

lOOOD. 

Qnantitv  delivered 

with  0-5  in.  pressure. 

2S1.CK)0 

166,000 

135,000 

117,000 

106,000 

86,000 

74,600 

0-6 

267. ..SO 

182,250 

148,230 

128,790 

116,182 

94,041 

81,406 

08 

2c      50 

210,195 

171,316 

148,230 

182,435 

108,186 

94,041 

10 

8J      30 

234,000 

192,000 

166,000 

149,000 

121,600 

106,000 

1-2 

8(      X) 

257,580 

210,195 

182,250 

162,810 

182,486 

116,182 

1-5 

4C      25 

287,000 

234,000 

203,000 

182,000 

149,000 

128,500 

1-8 

44      [)5 

315,657 

257,580 

222,346 

199,260 

162,810 

140.940 

20 

41       }5 

381,695 

270,000 

284,000 

210,000 

172,000 

149,000 

25 

65       35 

371,790 

303,750 

263,000 

234,000 

192,000 

166,000 

30 

61       10 

407,025 

331,696 

287,955 

257,000 

210,000 

182,000 

40 

6(Hj:05 

470,205 

383,940 

831,696 

298,000 

243.000  !  210,000 

Diameter  of  Pipe,  86  Inches, 


Length  in  yards. 

1000.     j     8000. 

4000. 

6000.     f     7600. 

10000. 

Qnantifcy  delivered 

1 

with  0-5  in. 

pressure. 

370,9161  262.440 

218,461 

185,457 

166,862 

186.419 

117,228 

06 

»i 

405,907 

2ti;.:.i34 

234,446 

202,968 

181,783 

148,866 

127,720 

0-8 

M 

468,892 

3£       74 

271,013 

234,446 

209,962 

171,285 

148.866 

10 

U 

630,000 

31       X) 

303,000 

266,000 

234,000 

192,000 

166,000 

1-2 

tt 

673,868 

4(       J7 

330,674 

286,934 

257,016 

209,952 

181,783 

1-5 

tt 

642,103 

4t      DO 

372,000 

322,000 

288,000 

234,900 

204,000 

1-8 

M 

703,339 

4<       36 

405,907 

361,669 

314,928 

257,016 

222,199 

20 

n 

741,830 

bi      BO 

428,000 

372,000 

332,000 

271,000 

234  000 

2-5 

»» 

829,310 

6i      16 

477,640 

416,000 

372.000 

803,000 

265.000 

30 

tt 

908,042 

6^...  i03 

524,880 

464,646 

407,000 

832,000 

288,000 

40 

M 

1.049,760 

7^r2,i90 

605,361 

624,880 

468,892 

884,000 

332,000 

The  foregoing  tables  are  calculated  upon  the  basis  of  the  specific 
gravity  of  the  gas  being  •  400.  The  quantity  of  gas  of  any  other  specific 
gravity  discharged  may  be  ascertained  by  multiplying  the  quantity 
indicated  in  the  table  by  '6826  (the  square  root  of  -400),  and  dividing 
by  the  square  root  of  the  specific  gravity  of  the  other  gas. 


w^-^^ 


■1 


GAS   ENGINEEBS   AND   MANAGEBS. 


239 


Example. — If  a  12-inch  pipe,  1000  yards  long,  discharges  28,800  cubic 
feet  of  gas  per  hour,  specific  gravity  '400  at  *5  in.  pressure,  how  much 
gas  will  the  same  pipe  discharge,  at  the  same  pressure,  when  the 
specific  gravity  is  '660  ? 

28,800  X  -6825 


•7488 


=  20,116  cubic  feet. 


The  quantity  of  gas  discharged  at  any  other  pressure  may  be  ascer- 
tained by  multiplying  the  quantity  indicated  in  the  table  by  the  square 
root  of  the  new  pressure,  and  dividing  by  the  square  root  of  the 
original  pressure. 

ExAMFLS. — If  a  quantity  of  gas  equal  to  28,855  cubic  feet  is  dis- 
charged in  one  hour  at  a  pressure  of  1*2  inches,  what  quantity  will  be 
discharged  through  the  same  pipe  at  2*2  inches  pressure  ? 


28.855  X  1-4882 
1-0954 


=  81,628  cubic  feet. 


To  facilitate  these  calculations,  tables  are  annexed  of  the  square 
roots  of  specific  gravities  from  *850  to  *700,  rising  *005  at  a  time ;  and 
of  the  square  roots  of  pressures  from  1-lOth  of  an  inch  to  4  inches, 
rising  1-lOth  at  a  time. 

TABLE. 

Square  Root  of  the  Specific  Gravity  of  Gas  from  -850  to  '700. 


Speciflo 
Qravity. 

Square 
Root. 

Speciflo  8 
Oravity. 

gSTJ 

1 
Speciflo 
Oravifey. 

Sqaare 
Book. 

Speciflo 
araviky. 

Sqaare 
Root. 

Speolflo 
Gravity. 

issr 

•860 

•5916 

•425 

6619 

•495 

•7086 

•665 

•7517 

•685 

•7969 

•855 

•5968 

•480 

6657 

•600 

•7071 

•570 

•7649 

•640 

•8000 

•860 

•6000 

•436 

6696 

•605 

•7106 

•676 

•7688 

•646 

•8081 

-865 

•6041 

•440 

'6688 

•610 

•7141 

•680 

•7616 

•650 

•8068 

•370 

•6068 

•445 

6671 

•616 

•7176 

•685 

•7648 

•656 

•8098 

•875 

•6124 

•450 

6708 

•620 

•7212 

•690 

•7681 

•660 

•8124 

-880 

•6164 

•456 

6745 

•626 

•7246 

•596 

•7718 

•666 

•8156 

•886 

•6205 

•460 

6782 

•680 

•7280 

•600 

•7746 

•670 

•8186 

•890 

•6245 

•466 

6819 

•686 

•7814 

•606 

•7778 

•676 

•8216 

•895 

•6285 

•470 

6866 

•640 

•7348 

•610 

•7810 

•680 

•8246 

•400 

•6825 

•476 

6892 

•646 

•7882 

•616 

•7842 

•685 

•8276 

•405 

•6864 

•480 

6928 

•660 

•7416 

•620 

•7874 

•690 

•8806 

•410 

•6408 

•485 

6964 

•556 

•7449 

•625 

•7905 

•695 

•8887 

•415 

•6442 

•490 

7000 

•560 

•7483 

•680 

•7987 

•700 

•8867 

•420 

•6481 
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TABLB. 

Square  Root  of  Pressures^  rising  by  Tentlis  of  an  Inch^  from  One-Tenth  to 

Four  IncJies. 


Inches  and 
Tenths. 

Square 
Root.       1 

Inches  and 
Tenths. 

Sqaare 
Boot. 

Inches  and 
Tenths. 

Sqaare 
Root. 

MOth. 

•8362 

15-lOths. 

1-2251 

2-8-10fch8. 

1-8788 

2-10tb8. 

•4472 

1-6       „ 

1-2649 

,      2-9       „ 
1      8  inches. 

1-7029 

8           M 

•5477      , 

1-7       „ 

1-8088 

1-7320 

4      „ 

■6324      ' 

1-8       „ 

1-8416 

8-l.lOth. 

1-7606 

6           M 

•7071      i 

1-9       „ 

1-3784 

8-2-10th8. 

1-7888 

6      „ 

•7746      ! 

2  inches. 

1-4142 

8-8      „ 

1-8166 

7      „ 

•8366 

21-lOth. 

1-4491 

8-4      „ 

1-8489 

8      „ 

•8944 

2^2.10thB. 

1-4882 

86      „ 

1-8708 

9  ;; 

1  inch. 

•9487 

2-8       „ 

16165 

1      3-6      „ 

1'8978 

1-0000 

2-4       „ 

1-5491 

'      8-7      „ 

19286     . 

11-lObh. 

1^0488 

2-6       „ 

1-5811 

1      8-8      „ 

19493 

l-2-10th8. 

10954 

2-6       „ 

1-6123 

'      8-9      „ 

1^9748 

1-3      „ 

1-1401 

2-7       „ 

1-6431 

'      4  inches. 

20000 

1-4      „ 

1-1832 

Should  it  be  required  to  find  the  pressure  in  inches  of  water  to 
discharge  a  certain  quantity  of  gas  of  given  specific  gravity  in  an 
hour,  through  a  pipe  the  dimensions  of  which  are  known,  the  formula 
is — 

(1850)*  d' 

i.e.,  multiply  the  square  of  the  number  of  cubic  feet  of  gas  to  be  dis- 
charged in  one  hour  by  the  specific  gravity  of  the  gas,  and  by  the 
length  of  the  pipe  in  yards  ;  divide  the  product  by  the  square  of  the 
constant  number  1850,  multiplied  by  the  diameter  in  inches  raised  to 
the  fifth  power,  and  the  quotient  is  the  pressure. 

Example. — It  is  required  to  find  the  pressure  in  inches  of  water  to 
discharge  in  an  hour  12,000  cubic  feet  of  gas,  specific  gravity  *5, 
through  a  pipe  8  inches  in  diameter  and  1900  yards  long.    Then,-— 

Q"  X  8  X  ?_144,000,000  X  -5  X  1900  186,800,000,000 _  (2-8  ins. 
1350^  X  d'         1,822,500  x  82,768  59,719,680,000      inearly. 

If  the  diameter  of  a  pipe  is  required  which  will  discharge  a  given 
quantity  of  gas  uuder  a  given  pressure,  we  have  the  formula — 

d=J/'~jfJT 
^     ( 1850f  h 


^ 
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This  can  easily  be  oaloulated  by  a  table  of  logarithms — thas, — 
log.  d  =  i{2  log.  Q.  +  log.  s,  +  log.  Z.  -  2  log.  1850  +  log.  h.) 
Example. — It  is  required  to  find  the  diameter  of  a  pipe  1240  yards 

long,  to  discharge  48,000  cubic  feet  of  gas,  of  the  specific  gravity  -4,  in 

one  hour,  with  a  pressure  of  2  inches.    Then, — 

2  log.  Q  =  2  log.  48,000     .      .      .       =       9-8624824 

log.  X    =      log. -4 =    -1-6020600 

log.  I    =   log.  1240.   .   .   .   =   8-0984217 


12-0679641 


2  log.  1850  =  6-2606676  )  _       a.^Macyia 

log.  h  =  log.  2  =  0-8010800  )  •       -       ^  6616976 

5  )  5-4962665 


log.  ci =       1-0992688 

Therefore  d  =  IS  inches,  nearly. 

The  following  axioms  are  worth  remembering : — 

1.  The  discharge  of  gas  will  be  doubled  when  the  length  of  the 
^ipe  is  only  one-fourth  of  any  of  the  lengths  given  in  the  tables. 

2.  The  discharge  of  gas  will  be  only  one-half  when  the  length  of 
the  pipe  is  four  times  greater  than  the  lengths  given  in  the  tables. 

8.  The  discharge  of  gas  will  be  doubled  by  the  application  of  four 
^imes  the  pressure. 

Handy  Rule  for  jimliny  (approosimately)  tlie  Content  of  a  Pipe  in 
Gallons  and  Cubic  Feet. 

Bulb. — Multiply  the  square  of  the  diameter  of  the  pipe  in  inches 
by  the  length  in  yards,  and  divide  by  10  for  gallons,  and  by  60  for 
cubic  feet. 

Example. — A  pipe  is  6  in.  diameter  and  400  yards  long,  what  is  the 
-content?  then — 


^  *^^60=  240  cubic  feet. 
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SERVICE-PIPES    AND    FITTINGS. 

In  the  term  service-pipes  are  included  all  pipes  branching  out  of  the 
mains  to  consumers*  meters,  and  for  the  supply  of  public  and  private 
lamps. 

Leakage  or  unaccounted-for  gas  is  due  more  to  defects  in  service- 
pipes  than  to  all  the  other  causes  combined.  The  leaks  are  chiefly 
caused  in  the  pipe  by  corrosion,  or,  at  its  junction  with  the  main. 
Such  bbing  the  case,  it  is  clear  that  the  utmost  care  should  be  de- 
voted to  the  habilitation  and  maintenance  of  this  portion  of  the  dis- 
tributory  plant. 

Service-pipes  are  of  cast-iron,  wrought-iron,  and  lead.  The  use  of 
cast-iron  pipes  for  this  purpose  is,  as  a  general  rule,  confined  to  the 
supply  of  gas  to  large  establishments,  where  the  diameter  of  the  pipe 
required  exceeds  2  inches.  The  smaller  sizes  are  too  fragile  to  bear  the 
overhead  traffic,  and  the  number  of  joints  is  objectionable.  Such  services 
as  are  of  less  bore  than  8  inches  are  usually  of  wrought-iron,  or  lead. 

Wrought-iron  pipes  or  tubes  are  chiefly  employed  for  services. 
They  can  be  obtained  of  any  convenient  length,  and  are  easily  and 
expeditiously  fixed. 

Wrought-iron  tubes  and  fittings,  such  as  tees,  bends,  elbows, 
ferrules,  sockets,  &c.,  should  be  perfectly  cylindrical,  with  no  ribs  or 
fiat  places,  and  internally  as  smooth  as  possible.  The  welding  should 
be  scarcely  discernible  from  the  other  parts,  and  the  screw  should  be 
equally  deep  throughout  the  thread. 

In  laying  wrought-iron  pipes,  the  coupling  or  socket  at  the  end,  and 
which  is  supplied  along  with  the  pipe,  should  always  be  removed,  the 
thread  painted  with  red  or  white  lead  paint,  and  then  replaced. 

Lead  pipes  have  their  advantages,  though  they  require  more  care 
in  laying;  and  to  prevent  their  sagging  in  the  ground,  wood  lags  have 
to  be  placed  underneath  them  throughout  their  length. 

On  the  other  hand,  they  can  be  laid  with  fewer  joints ;  the  only 
jointing  places  being  the  connections  with  the  main  and  the  meter,, 
unless  the  premises  to  be  supplied  is  beyond  the  ordinary  distance 
from  the  main.  When  taken  up,  also,  to  be  renewed,  the  old  metal 
is  of  more  value  than  old  iron. 

All  service-pipes,  whether  of  wrought-iron  or  lead,  when  laid  in  the 
ground,  should  be  protected  from  the  oxidizing  influences  of  the  soil, 
moisture,  and  air,  by  being  encased  in  a  U  -shaped  or  V-shaped  channel 
of  wood  or  other  material,  filled,  after  the  pipe  has  been  laid  therein, 
with  a  mixture  of  hot  pitch  and  tar.     This   prolongs    their   life 
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indefinitely,  and  prevents  leakage,  and  consequently  is  well  worth  the 
trifling  extra  cost  and  trouble  entailed. 

It  is  not  possible  always  to  see  whether  a  wrought-iron  service-pipe 
is  worn  out  or  not,  unless  it  is  taken  up  out  of  the  ground.  The 
under  part  of  the  pipe  will  often  be  found  completely  oxidized,  when 
the  upper  surface  is  sound  and  good.  The  rust  forms  a  shell  which 
crumbles  on  being  disturbed,  but  when  untouched  is  sufficient  to  pre- 
vent the  immediate  escape  of  gas. 

The  tinning  or  galvanizing  of  the  surfEuse  of  wrought-iron  pipes 
adds  greatly  to  their  durability  in  sandy  soil  impregnated  with  saline 
matter. 

Various  processes  have  been  devised  for  covering  iron  with  a  thin 
layer  of  oxide  to  protect  it  from  corrosion  either  in  the  soil  or  when 
exposed  to  the  atmosphere,  and  they  are  peculiarly  valuable  when 
applied  to  wrought-iron  tubes  and  fittings. 

Mains  should  be  drilled,  not  cut  with  a  chisel,  for  the  insertion  of 
service-pipes.  The  full  sectional  thickness  of  the  metal  is  thus  pre- 
served, and  the  hole  is  a  true  circle  in  form. 

Several  makers  supply  drilling  apparatus  which  secures  immunity 
from  leakage  in  attaching  the  service-pipe  to  the  main ;  and  it  is 
easily  applied  and  used. 

All  service-pipes  should,  if  possible,  be  laid  with  a  slight  fall  to  the 
main  to  admit  of  the  condensed  moisture  draining  away  thereto. 
When  the  pipe  is  of  great  length,  and  a  continuous  inclination  to  the 
main  is  impracticable,  a  small  drip-well,  commonly  called  a  bottle- 
syphon  (Fig.  80  on  page  249)  should  be  attached  at  the  lowest  point. 
The  service-cleansers  of  D.  Hulett  and  Co.  (Fig.  120),  of  W.  &  B. 
Cowan  (Fig.  121),  and  of  Hutchinson  Bros.  (Fig. 
122),  are  exceedingly  useful  for  removing  water 
and  other  obstructions  from  service-pipes. 

All  abrupt  angles,  such  as  square  elbows^ 
whether  in  mains,  services,  or  internal  fittings, 
owing  to  the  resistance  they  offer  to  the  regular 
and  even  flow  of  the  gas,  act  as  condensers,  and 
diminish   the  available  pressure.     Their  use 
should,  therefore,  be  discarded  wherever  practic- 
able ;  bends  or  round  elbows  being  much  more 
preferable.    For  the  same  reason  the  internal  surface  of  pipes  should 
be  as  smooth  as  possible.    No  pipe  should  be  put  in  use  without  careful 
examini^tion  and  the  removal  of  all  existing  roughnesses. 
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2-moh  cast-iron  pipes  as  mains, 

^inch  wrought-iron  pipes  as  services,  and 

^-inch  lead  or  composition  pipes  for  internal  supply,  should  be 
utterly  abandoned. 

The  first  are  a  grievous  source  of  direct  leakage,  owing  to  breakages 
at  their  junction  with  the  service-pipes  ;  the  whole  three,  if  used  to 


Fig.  121.  Fio.  122. 

any  great  extent,  entail  high  initial  pressure,  which  is  synonymous 
with  a  heavy  leakage  account. 

If  the  distance  from  the  main  to  the  meter  does  not  exceed  80 
yards,  the  following  sizes  of  service-pipes  will  supply  the  number  df 
lights  named : — 

1  to    10  lights  (consuming  say  4  c.  ft.  per  hour  each) 
11  ,,    W)      ,,  ,,  ,t  ,, 

81  ,,    60      ,f  »)  ,1  ,, 

61  ,,  120      ,,  ,,  )i  ,, 

121  „  200      „ 

The  above  sizes  allow  for  partial  contraction  of  the  area  of  the  pipe 
by  corrosion  or  deposition. 


Wronght-iron 
Tnbe. 

finch. 

1  „ 
H  ». 
1*    M 

2  .. 
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TABLE.  ♦ 

Weight  per  Foot  of  Wrought -Iron  Tubing 
For  Gasy  Water ^  aiid  Steam, 


Gab. 

Watkb. 

Stkam. 

Intornal 

Wedght 
pec  Foot. 

Internal 

Weight 

Internal 

Weight 

Diameter. 

Diameter. 

per  Foot. 

Diameter. 

per  Foot. 

Inches. 

Lbs.    Oz8. 

Inches. 

Lbs.    Ozs. 

Inches. 

Lbs.    0£S. 

i 

0      144 

4 

0      15 

4 

0      164 

I 

1       64 

1 

1        74 

i 

1       8 

1 

1      16 

1 

2        1 

1 

2       8f 

n 

2      10 

14 

2      14 

11 

8       4 

n 

8        24 

14 

8        9 

14 

4       0 

2 

4       64 

2 

4      14 

2 

5       8 

2i 

6      104 

24 

6        4 

24 

7       0 

TABLE. 

Weight  of  Wrmight-Iron  Oas  Tubes  and  Fittings. 


Tubes. 

Fittings. 

Internal 



Diameter 

Inches. 

Weight  per 
100  (eet. 

Weight  per 
1000  (eet. 

Weight  of 
10  Elbows. 

Weight  of 
10  Tees. 

Weight  of 
10  Crosses. 

Cwts.     Qrs. 

Lba. 

Tons.  Cwts. 

Qrs. 

Lbs. 

Lbs.  Oss. 

Lbs.  Oss. 

Lbs.  Ozs. 

0          1 

0 

0          2 

2 

0 

1        1 

1        0 

1        8 

0          1 

14 

0          8 

8 

0 

1        7 

1        8 

1      14 

0          2 

6 

0          5 

2 

^    1 

1      18 

2        4 

2        8 

0          8 

64 

0         8 

0 

94 

2      16 

8        0 

8        4 

1          0 

22k 

0        12 

0 

1    1 

4        6 

5        4 

6      11 

1          2 

26 

0        17 

1 

8 

6        4 

7      10 

9        2 

2          1 

11 

1          8 

1 

26    ^ 

10      10 

12      15 

14      11 

2          8 

7 

1          8 

0 

14 

15        8 

16        7 

18      10 

1} 

8         0 

12 

1        11 

0 

8 

15      12 

20        0 

21        4 

2 

8          8 

21 

1        19 

1 

14 

22        6 

27        0 

81        4 

24 

4         0 

26 

2         2 

1 

S    i 

80        2 

82        8 

41        4 

^ 

5         0 

5 

2        10 

1 

22    1 

46        2 

50      16 

61        4 

^ 

6          1 

19 

2        14 

0 

22    ; 

56      10 

68        8 

80      10 

8 

6         0 

20 

8          1 

8 

4 

78       8 

86        6 

88      12 

84 

7          1 

14 

8        18 

8 

0 

101        0 

121        0 

129        0 

4 

8         2 

0 

4         6 

0 

0 

126       0 

144        0 

168        0 
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TABLE. 

Pitch  of  the  Whitworth  Taps  and  Dies  for  Gas  Tubing. 


Internal 

External 

Number  of 

1 

Internal 

External 

Number  of 

Diameter  of 

Diameter  of 

Threads  per 

Diameter  of 

Threadi  per 

Pipe. 

Pipe. 

Inch. 

Pipe. 

Pipe. 

Inch. 

ft 

•886 

28 

2 

2-847 

I 

•620 

2ft 

2^467 

1 

•666 

2i 

2-687 

ft 

•882 

1           21 

2-794 

! 

1^084 

!            2ft 

8-001 

1802 

2| 

8124 

1ft 

1-492 

i            2} 

8-247 

U 

1-660 

1           21 

8-867 

l| 

1-746 

8 

8-486 

u 

1-882 

1            8ft 

8-698 

ll 

2-021 

dft 

8-912 

If 

2047 

^ 

4- 126 

11 

2246 

'            4 

4-389 

Uniformity  in  the  screws  or  threads  of  service-pipes  and  fittings  is 
greatly  to  be  desired,  a  large  proportion  of  the  leakage  being  due  to 
the  want  of  this.  The  screwed  joint  may  be  too  slack,  in  which 
case  leakage  often  follows ;  on  the  other  hand,  when  a  socket  is 
too  small  to  receive  the  screwed  end  of  a  pipe,  instead  of  running 
the  tap  into  the  one,  or  the  dies  over  the  other,  careless  workmen 
are  often  content  to  let  the  joint  pass,  provided  they  succeed  in  getting 
a  single  thread  to  bite.  The  natural  settlement  of  the  ground,  the 
traffic  over  the  surface,  or  the  first  keen  frost,  disjoints  the  connection 
and  an  escape  follows. 

To  Calculate  the  Required  Size  of  Service- Pipes.— The 
following  table  gives  the  theoretical  diameter  required  for  pipes 
which  have  to  supply  a  certain  number  of  burners  at  distances  from 
the  street  main.    The  table  is  calculated  by  the  formula, — 


d=  V /iM'rf.r^b®!!^  ^^  same  as  that  used  in  the  determination 
^   (looUj  A, 

of  the  quantities  of  gas  delivered  by  large  pipes. 

As,  however,  the  actual  discharge  from  small  pipes  is  less  than  the 
calculated  quantity,  the  tabular  number  must  be  increased  by  one- 
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third  if  the  service-pipe  is  of  lead,  and  by  one-half  if  of  wrought  iron, 
l^en  of  the  latter  material,  it  is  not  advisable  to  put  in  the  ground  a 
pipe  of  less  than  f  inch  in  diameter. 

Example  of  the  Manner  of  Using  the  Table. — Supposing  there  are 
40  lights  to  be  supplied  at  the  distance  of  70  feet  from  the  main,  the 
tabular  number  opposite  70  and  under  40  is  *78540.  To  this  add 
one- third  if  a  lead  service,  making  '98058,  and  one-half  if  a  wrought- 
iron  service,  making  1*10810.  The  sizes  of  pipes  next  above  the 
numbers  are  1  inch  and  1^  inch  respectively,  and  these  are  the  sizes 
required. 
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TABLE 

Showing  the  Internal  Diameter  of  Pipes,  in  DeciwaU  of  an  Inch,  to  Supply 
Lights  at  Certain  Distances  from  tlie  Main, 


Distance  of 

Nnmber  of  Lights,  each  Bnrnimr  Five  Feet  per  Hoar,  with 
a  Preasore  of  One  Inch. 

UgfatB  from  Main  in 

Foot. 

8. 

6. 

10. 

16. 

20. 

26. 

80. 

6  .....  . 

•15467 

•18882. 

-24912 

•29424 

•82876 

•86946 

.  QQQftit 

10 

•17682 

•21691 

•28617 

•88660 

•87766 

•41291 

•44416 

16 

•19176 

•23524 

•S1084 

•36504 

•40956 

•44779 

•48167 

90 

•20811 

•24916 

•82872 

•88666 

•48881 

•47429 

•51019 

80 

•22027 

•27020 

•36649 

•41982   -47045 

•61488 

•66829 

40 

•28331 

•28620 

•87760 

•44415  i  ^49880 

•54488 

•58606 

60 

•24896 

•29927 

•39488 

•46441 

•52105 

•56970 

•61280 

eo 

•26802 

•81024 

•40950 

•48167 

•54041 

•59086 

•68556 

70 

•26094 

•32010 

•42231 

•49675 

•55738 

•60986 

•66546 

80 

•26802 

•32876 

•43376 

•51255 

•57241 

•62586 

•67011 

90 

•27489 

•33660 

•44408 

•52235 

•58606 

•64077 

•68926 

100 

•28023 

•84377 

•46864 

•63348 

•59854 

•65442 

•7089a 

ISO 

•80891 

•87281 

•49185 

•67054 

•64909 

•70970 

•76339 

200 

•82191 

•89489 

•62098 

•61281 

•68753 

•75178 

•80860 

260 

•88660 

•41291 

•54476 

•64077 

•71891 

•78604 

•84550 

800  .....  . 

•84901 

•42825 

•56507 

•66457 

•74561 

•81528 

•87691 

Nomber  of  Lights,  each  Burning  Five  Feet  per  Hour,  with 

Distanoe  of 

aPresi 

rare  of  On 

einch. 

Feet. 

40. 

50. 

100. 

160. 

200. 

800. 

6 

•43381   • 

47430 

•62577 

-78911 

•82581 

-97525 

10 

•49832   • 

54484 

•71881 

•83775 

94862 

1-1157 

16  .....  . 

•54041 

59086 

•77954 

•91693 

0288 

1-2099 

20 

•67241 

62585 

•82571 

•97128 

0897 

1-2815 

80 

•62076   • 

67872 

•89546 

10588 

1817 

1-3898 

40 

•65763   • 

71891 

•94848 

11156 

2517 

14721 

60 

•68753 

75172 

•99177 

1-1665 

3089 

15898 

SO 

•71307 

77928 

1-0286 

1-2099 

3574 

15966 

70 

•73540 

80405 

10606 

1^2478 

8999 

1-6464 

80 

•75530 

82582 

1-0895 

1-2874 

4378 

1^6910 

90  .  .  -  .  .  . 

•77381 

84550 

1^1156 

X-8121 

4721 

1^7318 

100 

•78978 

86351 

1-1394 

1^3400 

6035 

1^7681 

l&O 

•85649 

93688 

12356 

14632 

6805 

1-9175 

BOO 

•90720 

•99191 

1-3088 

1-6393 

7270 

20311 

£B0 

•94862  1 

•0371 

1-3685 

1-6095 

•8058 

21238 

800 

•96389  1 

•0757 

1-4197 

1-6693 

1-8729 

2-2540 
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PRICE    LIST    OF   WROUGHT- 


No. 


1 
2 
8 
4 
6 
6 
789 


Internal  Diametbb.    Inohzs. 


Tabes,  2  to  14  feet  long,  per  foot 
Pieces,  12  to  28}  inohes  long,  each 

Do.      dtolU  >i  If 

LoDgsorews,  12  to  28|  „  „ 

8  to  Hi  „ 

Bends „ 

Springs,  not  Socketed  .     .        „ 


s.    d. 


i 

■. 

d. 

0 

4i 

0 

9 

0 

6 

on  1 

0 

8    1 

0 

8 

0 

7 

0  6 

1  0 

0  8 

1  2 
0  10 

,  0  11 
0    9 


8.    d. 

0  &i{ 

1  4 

0  11 

1  6 
1  0 
1  8 
0  11 


10  11 
12 
18 
14 
15 

16 
17 
18  19 
20  21 
22 
28 

24 
26 
26 
27 
28 
29 

•  30 
31 
82 
33 
84 


Sooket  Union  (10),  Pipe  Do.  (11) 
Elbows,  Wronght-Iron  .  .  . 
Tees  „  •  •  • 
Grosses  „  •  •  . 
Plain  Sockets 


Diminished  Sockets     .     .     . 

FUoges ' . 

Caps  (18),  Pings  (19)    ,     .     . 
Backnats  (20),  Nipples  (21)    . 

Union  Bends 

Round  Elbows,  Wronght-Iron 


Iron  Main  Cocks 

Do.  with  Brass  Pings 

Bonnd  Way  Iron  Cooks    .     .     . 

Do.  with  Brass  Pings 

Cock  Spanners,  Wronght-Iron   . 

Do.       Malleable  Cast-Iron 


Syphon  Boxes,  1  Quart    •     . 

Do.  2      „        .     . 

Do.  8      „        .     . 

Do.  4      „         .     . 

Malleable  Cast  Bonnd  Elbows 


0  6 
0  6 
0  10 
0    li 


8  0    14    0 

0  8    ;  0  10 

0  9^10 

1  5    I  1    9 
0  3      0    8i 


0  8 
0  2 
0    1 


0    7 


2    8 


2    3 


0    6 


2  9 

4  6 
8  6 

5  0 


0    6i 


0    7 


0  10 


0    8 

0    4 

0    6 

0    6 

0    9 

0  10 

1    0 

1    2 

0    3 

0    8 

0    4 

0    5 

0    2 

0    2 

0    3 

0    Si 

2    6 

8    0 

8    9 

5    0 

0    7 

0    8 

0    9 

1    0 

11    0 


0    8 


ri2  0 

16    0 

20  0 

21  0 
0  10 


0  7 

1  4 

0  6 

0  4 
6  3 

1  4 


6    6 
10    6 


13  0 

17  0 

22  0 

28  0 

1  3 


(85)  Tongs  or  Nippers,    (86)    Stocks,    Dies,  and    Tapp,  at  prices  as 

quoted  by  the  manufEu^turer. 
If  Tubes  are   required   to  be  of  longer  length  than  14  feet,  they  are 

charged  at  the  next  higher  rate. 
Tubes  of  intermediate    diameters    charged  at  the  price  of  the    next 

larger  size. 
Springs  ;  if  socketed,  sockets  added  at  list  prices. 
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IRON    TUBING    AND    FITTINGS,    &c. 


H 

H 

If 

2 

H 

n 

21 

8 

8i 

4 

•.  a. 

s.  d. 

1.  d. 

■• 

d. 

U 

d. 

u 

d. 

1. 

d. 

8. 

d. 

8. 

d. 

8.  d. 

0  11 

1  2 

1  6 

1 

9 

2 

7 

8 

8 

4 

0 

4 

6 

5 

6 

7  0 

1  8 

2  0 

2  6 

8 

0 

4 

6 

6 

8 

7 

6 

9 

0 

11 

6 

14  6 

1  1 

1  4 

2  0 

2 

8 

4 

0 

4 

9 

6 

0 

7 

0 

8 

0 

9  0 

2  0 

2  6 

3  8 

4 

0 

6 

6 

7 

0 

8 

6 

10 

0 

12 

6 

16  6 

1  8 

2  0 

2  6 

8 

0 

4 

6 

6 

6 

6 

6 

7 

6 

8 

6 

10  0 

1  9 

2  8 

8  8 

4 

8 

6 

6 

10 

0 

12 

0 

16 

0 

26 

0 

82  6 

I  4 

1  8 

2  6 

8 

8 

5 

6 

7 

6 

10 

0 

12 

0 

19 

0 

26  0 

6  9 

8  0 

9  0 

10 

0 

12 

0 

14 

0 

16 

0 

18 

0 

22 

0 

28  0 

1  9 

2  8 

8  0 

8 

6 

6 

6 

8 

6 

11 

0 

14 

0 

22 

0 

28  0 

1  9 

2  6 

8  0 

8 

9 

6 

0 

9 

6 

12 

6 

16 

6 

24 

0 

80  0 

8  0 

8  6 

4  6 

5 

8 

10 

6 

16 

0 

21 

0 

80 

0 

42 

0 

60  0 

0  6 

0  7 

0  9 

1 

0 

1 

6 

2 

6 

8 

0 

8 

6 

5 

0 

6  0 

0  9 

0  11 

1  1 

1 

8 

2 

0 

8 

0 

4 

0 

6 

0 

7 

0 

9  0 

1  6 

1  9 

2  0 

2 

6 

8 

9 

6 

0 

6 

9 

8 

6 

10 

0 

11  6 

0  8 

0  10 

1  0 

1 

8 

2 

0 

2 

6 

3 

6 

4 

9 

7 

0 

10  0 

0  6 

0  8 

0  10 

1 

0 

1 

9 

2 

8 

8 

0 

8 

6 

4 

6 

5  6 

8  6 

10  0 

11  6 

18 

6 

16 

0 

19 

0 

22 

0 

25 

0 

80 

0 

86  0 

1  11 

2  6 

8  4 

8  10 

6 

6 

10 

0 

18 

0 

16 

0 

26 

0 

32  0 

8  6 

11  0 

14  0 

18 

0 

27 

0 

86 

0 

44 

0 

50 

0 

75 

0 

90  0 

15  0 

19  6 

25  0 

82 

0 

47 

0 

60 

0 

90 

0 

110 

0 

140 

0 

190  0 

10  0 

18  0 

17  6 

22 

0 

38 

0 

54 

0 

62 

0 

70 

0 

100 

0 

160  0 

19  0 

28  0 

86  0 

42 

0 

60 

0 

86 

0 

105 

0 

120 

0 

180 

0 

280  0 

2  4 

8  0 

8  6 

4 

0 

4 

9 

6 

0 

7 

6 

9 

0 

12 

0 

14  0 

1  8 

2  2 

2  9 

8 

3 

4 

9 

6 

0 

7 

6 

9 

0 

12 

0 

14  0 

14  0 

16  0 

16  6 

16 

0 

18 

0 

• 

, 

. 

. 

, 

, , 

18  0 

19  0 

21  0 

23 

0 

26 

0 

80 

0 

85 

0 

40 

0 

. 

, , 

24  0 

26  0 

26  6 

28 

0 

32 

0 

85 

0 

40 

0 

45 

0 

50 

0 

56  0 

25  0 

27  0 

29  0 

81 

0 

84 

0 

38 

0 

42 

0 

47 

0 

64 

0 

60  0 

1  9 

2  8 

8  0 

8 

6 

6 

6 

9 

0 

12 

0 

15 

0 

80 

0 

40  0 

Discotmt  - 


Gas  tubes  and  fittings,        per  cent. 
Galvanized         do.  do. 

Steam  and  water  do.  do. 


Galvanized         do.  do. 

Iron  Cocks  over  2  inches  at  special  discounts. 
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PUBLIC    LIGHTING. 

The  height  of  a  lamp  pillar  or  column  (Fig.  124),  measured  from 


Fio.  124.  Fio.  126. 

the  surfi^ce  of  the  ground  to  the  centre  of  the  flame,  should  not  exceed 
10  feet. 
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A  I -inch  or  even  a  ^-inoh  lead  pipe  is  not  suitable  for  plaoiBg  in 
the  interior  of  a  lamp  colomn.  In  cold  districts,  in  winter,  the  con- 
densed moisture  in  a  pipe  of  this  small  bore  becomes  frozen,  filling  up 
the  entire  length  with  solid  ice  in  a  very  short  space  of  time.  This 
is  probably  due  to  the  wavy  irregularities  in  the  pipe  preventing  the 
water  from  draining  rapidly  away. 

Galvanized  wrought-iron  pipe  is  best  for  lamp  columns,  and  for 
placing  against  a  wall  for  the  supply  of  a  bracket  lamp;  and  |«inch 
is  the  smallest  size  that  should  be  used.  In  situations  exposed  to 
cutting  winds,  and  where  the  frost  is  keen,  f -inch  wrought-iron  pipes 
are  best. 

If  the  service-pipe  at  the  entrance  to  the  base  of  a  lamp  column 
has  not  very  ample  fall  to  the  main,  the  water  of  condensation, 
unable  to  drain  quickly  away,  will  inevitably  be  frozen  at  that  point 
during  frost,  and,  by  accretion,  will  eventually  interrupt  the  passage 
of  the  gas. 

It  is  not  unusual  to  find  one-half  the  public  lights  in  some  districts 
extinguished  at  night  when  a  severe  frost  prevails.  This  is  simply 
dne  to  mismanagement,  as  it  would  not  occur  if  attention  were  paid 
to  the  matters  indicated  above. 

Seventy  yards  is  the  maximum  distance  apart  at  which  public  lamps 
should  be  placed. 

A  new  and  entirely  novel  form  of  lamp  post  (Fig.  125)  has  been 
introduced  by  J.  &  J.  Braddock.  It  consists  of  four  1-inch  wrought- 
iron  tubes  held  together  at  three  points,  in  addition  to  the  base,  by 
cast-iron  binders,  one  of  the  tubes  being  used  as  the  service-pipe  for 
conveying  the  gas  to  the  burner.  Panels  may  be  fixed  at  the  foot,  or 
it  can  be  left  open,  as  desired.  No  ladder-arm  is  required,  as  the 
tubes,  on  any  side,  form  a  square  support  for  a  ladder  to  rest  against. 
The  tubes  are  continued  down  through  the  visible  base,  and  are 
screwed  into  a  cast-iron  plate  underground.  Altogether,  the  standard 
has  a  neat  appearance,  and,  owing  to  its  lightness — ^under  2  cwt. — and 
the  ease  with  which  it  can  be  taken  to  pieces  and  set  up  again,  it  is 
specially  adapted  for  export. 

The  ordinal^  four-sided  lamp  is  the  most  serviceable  for  general  use. 
It  is  14  inches  square  at  the  widest  part,  and  made  of  tinned  copper. 

The  street  lamps  designed  by  Mr.  Sugg  (Fig.  126)  and  Mr.  Bray 
(Figs.  127  and  128),  with  clusters  of  flat-flame  burners,  and  the  lamp 
and  regenerative  burner  of  Herr  F.  Siemens  (Fig.  129)  have  much 
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improved  the  lighting  of  streets  and  sqaares  wherever  they  have  been 
introduced ;  and  have  proved,  at  the  same  time,  that  efficient  street 


Fio.  136. 


Fio.  127. 


illumination  by  means  of  gas  is  perfectly  attainable  where  there  is  a 
willingness  on  the  part  of  towns'  authorities  to  incur  the  expense. 

The  earlier  street  lamps  were  constructed  with  opaque  reflecting 
tops,  and  the  glazed  tops  were  afterwards  introduced  as  an  improve- 


Fig.  128. 


Fio.  129. 


ment.  When  the  whole  of  the  light  is  reQected  downwards,  the  fronts 
of  the  houses,  except  for  a  short  space  above  the  height  of  the  lamp 
column,  are  placed  in  a  state  of  utter  darkness,  and  to  passengers 
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walking  along  the  streets  the  gloomy  canopy  overhead,, 
rendered  all  the  more  sombre  and  distressing  from  the 
concentrated  light  underneath,  has  an  unearthly  and 
depressing  effect. 

On  the  other  hand,  where  the  main  thoroughfeures 
of  a  large  town  are  lighted  with  the  capacious  lamps 
above  described,  with  semi-transparent  crowns,  admit- 
ting of  the  radiation  of  a  portion  of  the  light  on  the- 
house  fronts,  the  effect  is  pleasing  and  satisfactory. 

The  incandescent  gas-light  is  growing  in  vogue  for 
street  lighting,  and  nothing  in  artificial  illumination 
can  exceed  it  either  as  regards  efficiency  or  economy, 
provided  due  care  and  intelligence  are  exercised  in 
settling  the  design  of  the  lamp  with  a  view  to  con- 
trolling the  air  supply,  and  in  applying  the  adjustment 
necessary  to  counteract  the  effects  of  vibration  caused 
by  traffic. 

Those  produced  by  the  Denayroaze  Light  Syndicate 
are  of  a  remarkable  type,  as  giving  the  highest 
illuminating  duty  per  cubic  foot  of  gas  yet  attained.. 
They  are  specially  constructed  and  largely  in  ude  for 
lighting  public  streets,  squares,  and  other  wide 
areas.  The  burners  are  admirably  adapted  for 
ranging  in  groups  or  clusters,  and  give  excellent 
results  in  this  way,  the  groups  being  in  two, 
three,  five,  and  eight  lights,  with  a  consumption 
per  burner  varying  from  eight  to  ten  cubic  feet. 

The  square  at  the  bottom  of  the  usual  form 
of  lamp  is  generally  in  two  or  three  parts,  one 
of  them  being  hinged  on  the  outer  edge,  for 
raising  when  the  lamp  has  been  lighted  by  the 
pole.  It  is  a  common  occurrence  to  find  a 
portion  of  the  bottom  missing  altogether,  and 
the  fiame,  thus  exposed  to  the  action  of  the 
wind,  is  in  a  state  of  constant  oscillation, 
whereby  much  of  the  illuminating  power  of  tko- 
gas  is  sacrificed. 

The  supply  of  gas  to  ordinary  public  lamps 
is  usually  fixed  at  5  cubic  feet  per  hour  for 
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common  gas  up  to  17  candles  value ;  for  cannel  gas  up  to  80  candles 
value,  the  supply  per  hour  varies  from  4  to  8  cubic  feet. 

A  regulator  to  each  lamp  is  a  necessity  in  order  to  secure  this 
measured  supply  or  a  near  approximation  to  it ;  and  not  less  so  to 
•obtain  the  best  illuminating  effect  from  the  gas.  Borradaile's  regu- 
lator, which  is  well  known,  is  shown  in  section  in  Fig.  180. 

Hutchinson  Bros.*  lamp  service  cleaner  (Fig.  181)  is  a  handy  in- 
^Btrument,  easily  applied,  for  clearing  out  obstructions  of  all  kinds,  both 
from  services  and  fittings. 

Satisfactory  public  lighting,  as  between  gas  companies  and  local 
authorities,  is  best  secured  by  the  adoption  of  a  good  average  meter 
-system,  and  the  application  of  a  regulator  to  every  lamp. 

Weight  and  Thickness  of  Glass  for  Public  Lamps. 


No.  of  the  GU88 

No.  of  the  Glass 

or 

Thickneu 

or 

Thickness 

Weight  in  Ounces 
per  Sqtuure  Foot 

in 

Weicbt  in  Onnoes 
per  Sqaare  Foot. 

in 

Decimals  of  an  Inch. 

Decimals  of  an  Inch. 

12    .     .     . 

•069 

21     .     .     . 

•100 

18    .     .     . 

•068 

24     .     .     . 

•111 

16    .     .     . 

•071 

26     .     .     . 

•126 

16    .     .     . 

•077 

32     .     .     . 

•164 

17     .     .     . 

•083 

36     .     .     . 

•167 

19     .     .     . 

•091 

42    ,     .     . 

•200 

Bale  to  find  the  Length  of  Dag  ami  NiglU, 

Day. — The  hour  of  sanset,  doabled,  ii  the  length  of  the  day. 
Night.— The  hoar  of  sanrise,  donbled,  is  the  length  of  the  night. 


Ride  to  find  t/ie  Hours  of  Sunrise  and  Sunset, 

Dedaot  the  hour  of  sanset  from  12 ;  the  difference  is  the  hoar  of  sanrise  and  vice 
-versa. 


The  Moon's  Rising  and  Setting. 
At  4  days  old,  the  Moon  sets  abont  10  o'clock  at  night 


At   6 

At  6 
At  7 
^tl6 
At  16 
At  17 
At  18 
At  19 
At  20 


„  the  Moon  rises 


11 

12  „       ;; 

1  o'clock  in  the  morning. 

6  „     in  the  evening. 

7i  » 

8i  »i  »> 

10  »,     at  night 

11  » 

12  „ 


OAS   ENOINEEBS   AND   MANA6EBS. 


257 


■^ 
^ 


•i 


^"1 


d    S  J 


if 

n 


3  *3  a 


og 
*89 


I 


h 

Si 


8i 


1 1 


IS 
sr 


liS 
6i 


H 

II 


II 


II 


is* 
•5  a 


II 


II 
II 


^1 
II 


11 


II 


II 


;o    unoH    |o    loqaniK 


*Sii|iuiig  JO 
unoH  JO  aof^vjna  o^>9h 


■bosons  p  emu^  oatxaAy 


4i 


JIIIS  :  :§§iii 


iHiHf^       (HrHrHOlC 


«liiiS  :  :§|i|i 


^Ippiiiiiii 


c5'HrHrH  p^ 


3Sg&8%£ 


*:liii3  :  :lil5i 


i§SiilSg§l^^§ 


•^iocococ«aoaoi>co»0'«oo 


I 


r 


Ili!-s4iiii 

O^  CW"  H^  0  m  O  O  © 


o3 


258 


NEWBIGGING'S   HANDBOOK   FOR 


.1^ 

S 


ft 


Cj? 


I 


,-«9i  JO  t«>OX 


*8VnZ9B{JX{Q 


*8Via*9vqoi^ 


'jemoinspip^ 


a  . 

Si 


u 
II 


3^ 


•^«a-^p»n 


'joqmeaeQ 


*jeqm9A0^ 


•jeqo^oo 


'xeqme^deg 


*9Bn9ny 


•^Pf 


•ennf 


•^«w 


•ludy 


'qojVK 


'Xjvtuqe^ 


giiii§§i  g§i§ 


giglsiil  iiS^ 


JI.SS:: 


r-^ggggll   8«  : 


fH  f^  (^  ra  •«  lo  S5  oS     Sc^fH 


""^  p^  rl  iH  04  SS  Ol  >0       »HfH 


SSS3S|g|    SSS 


25g§    §•» 


OOCOOOltOO 


••••ii. 


1 

QQ 


1 

I 
t 

a 

s. 

I 

s 
i 

•& 

"S 

s 

8 

o 
a 

i 


•a 


•9 

a 
o 


1 


I 


GAS    ENGINEERS    AND    MANAGERS. 


259 


CONSUMERS'    GAS    METERS. 

Gas  Meters  are  either  "  Wet "  (Figs.  182  and  188),  or  "  Dry  '* 
<Fig8. 184  and  185). 

The  wet  meter  has  a  measuring  wheel  or  drum  enclosed  in  an  iron 
•case  charged  with  water  up  to  a  certain  level,  called  the  **  water-line." 


Pig.  182. 


Fio.  133. 


The  drum  is  divided  into  compartments  similar  to  the  station  meter ; 
^and  the  measurement  and  indication,  or  registration,  of  the  gas  passing 
through  it  are  performed  in  the  same  manner. 

The  dry  meter  has  usually  a  case  of  tinned  iron.    This  is  divided 
into  compartments  by  a  central  partition  and  two  or  more  moveable 


Fio.  134. 


Fio.  135. 


-diaphragms  with  prepared  flexible  leather  sides.  The  gas  enters  and 
leaves  these  compartments  alternately  through  valves  whose  passages 
are  made  to  open  and  close  at  the  proper  moment.  The  alternate 
expansion  and  contraction  of  the  inner  and  outer  spaces  (afber  the 

s  2 
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now  altogether  inadmissible ;  and  even  two-light  meters  should  only 
be  sparingly  nsed«  The  low  price  at  which  gas  is  sold  encourages  its 
extended  consumption ;  and  the  houses  are  becoming  fewer  in  number 
every  day  where  this  small  size  is  sufficient  to  afiEbrd  an  adequate  supply, 
at  reasonable  pressures,  to  the  quantity  of  lights  in  regular  use. 

The  regular  periodical  inspection  of  meters  is  a  point  of  the  utmost 
importance,  and  ought  never  to  be  neglected.  The  indices  of  meters 
in  dwelling-houses,  &c.,  should  be  noted,  and  water  supplied  to  the 
proper  level  wherever  deficient,  at  least  once  every  six  weeks.  The 
meters  in  mills,  manufactories,  and  large  establishments  of  every  kind 
where  the  consumption  of  gas  is  heavy,  should  be  inspected  for  the  like 
purpose  once  every  fourteen  days. 

The  Inspector  should  always  be  provided  with  a  supply  of  leather 
washers  for  the  different  screws  and  plugs,  to  replace  any  that  are 
worn  out. 

Meters  in  cold  and  exposed  positions  should  be  protected  by  a  suitable 
covering  during  frost,  to  prevent  interruption  to  the  supply  of  gas  by 
the  water  becoming  frozen.  Woollen  rags  or  wrappings  of  any  kind 
will  answer  the  purpose. 

6]»enall  and  Heaton's  *'  Positive  '*  Meter  (Fig.  188)  differs  in  con- 
struction from  those  above  described.    The  meter  has  two  measuring 


Fio.  188. 


cylinders,  each  divided  into  two  separate  chambers  by  a  hollow 
cylindrical  piston,  sealed  with  glycerine  within  the  annular  space 
between  the  inner  and  outer  parts  of  the  cylinders.  The  chambers 
are  connected  by  the  gas-ways  to  the  respective  valve  ports.     The 
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length  of  the  stroke  of  the  pistons  is  fixed  and  definite,  so  that  the 
displacement  of  gas  at  each  stroke  is  the  same  and  does  not  vary* 
One  piston  is  set  half  a  stroke  in  advance  of  the  other,  and  thus  each 
carries  the  other  over  the  centre.  The  glycerine  seal  is  not  affected  by 
the  initial  pressure,  but  only  by  the  slight  differential  pressures  above 
and  below  the  pistons:  In  other  words,  only  the  slight  pressure 
which  is  required  to  actuate  the  meter. 

The  motive  power  meter  is  but  rarely  required ;  but  it  is  exceedingly 
useful  in  certain  positions,  where  the  pres- 
sure, from  some  unavoidable  cause,  is  in- 
sufficient to  afiEord  an  adequate  supply  of 
n     y  gas.    In  construction  it  is  like  an  ordinary 

I      ^  meter,  but  instead  of  the  gas  pressure  being 

1        wB^     f^     ^^^  motive  power,  the  gas  is  exhausted  from 
jL     SBI^^L  ^^^  mMTL  by  the  measuring  wheel.     This  is 

H  ^JSPTrMCr  ^®*  ^  motion  by  a  descending  weight,  at- 

wJdi^  Sijli^  tached  to  which  is  a  cord  wound  on  a  drum 

revolving  in  bearings  on  the  top  of  the  meter 
case,  the  drum  being  geared  to  the  shaft  of 
the  measuring  wheel,  which  projects 
through  the  back  of  the  case.  The  speed 
of  the  meter,  and  consequently  the  pres- 
sure of  gas  obtained,  are  regulated  by  the 
Parkinson's  motive  power  meter  is  shown  in 


K 


Fio.  139. 


weight  aforementioned. 
Fig.  189. 

The  **  prepayment  "  or  "slot"  meter,  of  which  there  are  various 
forms,  is  an  ingenious  device  for  extending  the  sale  of  gas  amongst 
small  consumers.  By  the  addition  of  a  simple  mechanism  contained 
in  a  box  attached  to  the  ordinary  wet  or  dry  meter,  and  on  dropping 
a  penny  through  a  slot  therein,  a  quantity  of  gas  of  the  value  of  the 
penny  is  allowed  to  pass  to  the  burner.  When  the  gas  thus  paid  for 
is  consumed,  the  supply  ceases  until  another  prepayment  is  made. 

By  another  arrangement,  on  prepayment  of  a  given  sum — say  4d. 
for  100  cubic  feet — an  extra  dial  on  the  meter  is  set  to  pass  the 
quantity  of  gas ;  and  when  this  is  consumed,  a  valve  shuts  off  the 
supply,  unless,  in  the  meantime,  a  further  payment  has  been  made, 
and  the  dial  is  reset. 

Variations  in  the  dimensions  of  unions  for  equal  sized  meters  are  a 
source  of  expense  in  the  case  of  changing  from  one  make  to  another. 


264 


KEWBIGGING'S   HANDBOOK   FOB 


The  Board  of  Trade  in  their  Annual  Report  for  1888  saggested 
that  the  anions  of  gas  meters  throughout  the  trade  should  be  made 
of  uniform  size,  and  the  following  table  gives  the  dimensions  pro- 
posed. 

TABLE. 

Sizes  of  Meter  Unions  as  suggested  hy  the  Board  of  Trade  in  1888. 


Sise  of  Meter  Union. 


Boss. 

Cap. 

Lining. 

Siseof 
Meter. 

Mean 

Diameter 

of  External 

Screw. 

No.  of 
Threads 
per  inch. 

Whit. 

worth. 

Internal 
Diameter. 

Mean 

Diameter 

of  Internal 

Screw. 

No.  of 
Threads 
per  inch. 
Whit- 
worth. 

Height 
of  Cap. 

External 

Diameter 

to  enter 

Boss. 

Lights. 

0 

1 

2 

8 

6 

10 
20 
80 
60 
60 
80 
100 
160 

Inches. 

0-70 
0*88 
0*88 
0*98 
1*16 
1*46 
1*80 
2-05 
2*26 
2*46 
8*00 
800 
8*68 

19 
19 
19 

9 

Inches. 

0-60 
0*67 
0*67 
0-69 
0*88 
1*06 
1-42 
1-66 
1-80 
2-00 
2-80 
2-80 
3-06 

Inches. 

0*66 
0*84 
0*84 
0-94 
1*10 
1-40 
1-76 
2-00 
2-20 
2-40 
2-96 
2-96 
8-66 

19 
19 
19 
19 

9 

Inches. 

0-40 
0-40 
0-40 
0-60 
0-60 
0-60 
0-60 
0-70 
0-70 
0-80 
1-00 
1-00 
1-20 

Inches. 

0*60 
0*66 
0-66 
0-66 
0-81 
1*08 
1-40 
1*68 
1*76 
1-98 
2-28 
2-28 
8-08 

Testing  Meters. — For  the  verification  of  gas  meters  by  a  public 
Inspector  under,  the  ''  Sales  of  Gas  Act,"  a  somewhat  elaborate  set  of 
apparatus  is  required. 

For  ordinary  use  in  testing  meters  in  a  gas-works,  the  following  may 
be  provided  (see  Fig  140) : — A  standard  gasholder  of  10  cubic  feet 
capacity.  A  proving  bench.  An  overhead  water  cistern.  A  float  of 
lights,  and  thermometers  for  taking  the  temperature  of  the  air  and 
water. 

In  testing,  it  is  important  to  secure  uniformity  in  the  temperature 
of  the  air  or  gas  in  the  test  holder,  the  water  in  the  tank,  and  the  air 
in  the  room — ^viz.,  60°  Fahr. ;  otherwise  corrections  for  varying  tem- 
perature have  to  be  made. 

Place  the  meter  to  be  tested  on  the  proving  bench,  charge  it  with 
water  to  the  proper  water-line  (if  a  wet  meter),  and  connect  it  with  the 
holder  and  to  the  float  of  lights  (if  gas  is  being  used). 

See  that  the  pointer  of  the  small  metal  drum  above  the  index  in  the 
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^et  meter,  or  of  the  small  circle  on  the  index  plate  of  the  dry  meter, 
^coincides  with  one  of  the  figures  marked  thereon.  If  it  does  not,  pass 
a  quantity  of  gas  through  till  the  necessary  adjustment  is  effected. 

Next,  fill  up  the  test  holder  till  the  0  line  of  the  scale  upon  it  is 
•exactly  opposite  its  pointer. 

This  being  done,  turn  on  the  gas  or  air,  and  allow  the  meter  to  work 
till  the  small  metal  drum  has  made  one  or  more  revolutions,  taking 


Fio.  140. 

-care  to  close  the  stop-cock  when  the  pointer  of  the  drum  is  exactly 
over  the  figure  from  which  the  start  was  made. 

The  meter  registration  is  then  compared  with  that  of  the  holder 
scale.  If  they  correspond,  the  meter  is  exactly  correct ;  but  if  the 
scale  on  the  holder  indicates  less  or  more  than  the  small  drum  on  the 
meter,  the  percentage  of  error  is  calculated  ;  or  it  can  be  ascertained 
•on  reference  to  the  Table. 
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TABLE. 

Showing  the  Percentage  of  Error  in  Meters  according  as  their  Registration 
dijff'ers/rom  the  Indications  of  the  Test  Gasliolders, 

The  sign  +  is  used  to  indicate /o^,  and  —  to  indicate  alow. 
Meters  not  exceeding  2  per  cent,  fast,  or  8  per  cent  Blow,  are  correct  within  the 
meaning  of  the  '-*  Sales  of  Oas  Act." 


Meter  Hegistering 

Meter  Registering 

Meter  Begistering 

Meter  Begistering 

IFoot. 

2  Feet. 

8  Feet. 

8  Feet. 

Reading 
of  Scale 

Amount 

of 
Error. 

of  Scale 

Amount 

of 
Error. 

Reading 
of  Scale 

Amonnt 

of 
Error. 

Reading 
of  Scale 

Amount 

of 
Error. 

of  Gas- 
holder. 

of  Gas- 
holder. 

of  Gas- 
holder. 

of  Gas- 
holder. 

Foot. 

Percent. 

Feet. 

Percent. 

Feet. 

Percent. 

Feet. 

Percent 

0-90 

+  11-11 

1-80 

-f  IMl 

2-70 

+  nil 

8-10 

-    822 

•91 

+    9-89 

•81 

+  10^60 

•71 

+  10^70 

•11 

-    8^64 

•92 

+    8-70 

•82  * 

+    9^89 

•72 

+  W30 

•12 

-    886 

•93 

+    7-26 

•83 

+    9-29 

•73 

+    9^89 

•18 

-    416 

•94 

+    6-86 

-84 

-f    870 

•74 

+    9-49 

•14 

-    4-46 

•96 

+    6-26 

•86 

+    8^11 

•76 

+    9-09 

•16 

-     476 

•96 

+    4-17 

•86 

+    7^68 

•76 

+    8-70 

•16 

-    6-06 

•97 

4*    3-09 

•87 

+    6^96 

•77 

+    8-81 

•17 

-    686 

•98 

+    2-04 

•88 

+    6^88 

•78 

+    7^92 

•18 

-    6-66 

•99 

+     1-01 

•89 

+    6-82 

•79 

+    7^58 

•19 

-    686 

1-00 

Nil. 

1-90 

+    6-26 

2^80 

-t-    7-14 

8^20 

-    6-26 

•01 

-     100 

•91 

+    4*11 

•81 

+    6-76 

•21 

-    664 

•oa 

-    1-97 

•92 

+    4-17 

•82 

+    6^88 

•22 

-    6^82 

•03 

-    2-92 

•98 

+    8-68 

•83 

+    6-01 

•28 

-    7^12 

•04 

-    8-86 

•94 

+    8^09 

•84 

+    6^68 

•24 

-    741 

•06 

-    4^74 

•96 

+    2^66 

•86 

+    6^26 

•26 

-    770 

•06 

-    6-66 

•96 

+    2^04 

•86 

+    4^89 

•26 

-    798 

•07 

-    6-64 

•97 

+    1^52 

-87 

+    4-68 

•27 

-    8-26 

•98 

-     7-40 

•98 

+     1-01 

•88 

+    4^17 

•28 

-    8-64 

•09 

-    8-26 

•99 

+    0'^ 

•89 

+    8-81 

•29 

-    8-82 

1-10 

-    9-10 

2-00 

NU. 

2-90 

+    3-46 

880 

-    9^09 

•11 

-    9-91 

•01 

-    0^60 

•91 

+    809 

•81 

-    9-36 

•12 

-  10-07 

•02 

-    0-99 

•92 

+    2-74 

•82 

-    964 

•03 

-     148 

•93 

+    2-89 

•88 

-    991 

•04 

-     1-96 

•94 

+    204 

•84 

-  10^18 

•05 

-    2^44 

•96 

+     1-69 

•06 

-    2^91 

•96 

+    1-86 

•07 

-    3-38 

•97 

+    1^01 

•08 

-     8-85 

•98 

+    0^67 

•09 

-    4^81 

•99 

+    0-38 

2^10 

-     4^76 

8^00 

Nil. 

•u 

-    6  21 

•01 

-    088 

•12 

-    6^66 

•02 

-    0-66 

•18 

-    6^10 

•03 

-    0^99 

•14 

-     0-64 

•04 

-     1^32 

•16 

-     6-98 

•06 

-     1^64 

•16 

-     7-41 

•06 

-     1^96 

•17 

-     7^88 

•07 

-     2^28 

•18 

-    8^26 

•08 

-     2^60 

•19 

-     b-68 

•09 

-     2^91 

^wi??9?^ 
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Meter  Begistering 

Meter  Begistering 

Meter  Begistering 

Meter  Begisterinff 

6  Feet. 

6  Feet. 

5  Feet. 

10  Feet. 

Beading 
of  Scale 

Amount 

of 
Bnror. 

Beading 
of  Scale 

Amount 

of 
Error. 

Beading 
of  Scale 

Amoont 

of 
Error. 

Beading 
of  Scale 

Amount 

of  Gas- 
bolder. 

ofQas- 
holder. 

ofaas- 
bolder. 

of  Qas- 
bolder. 

of 
Error. 

Feet. 

Per  Gent. 

Feet. 

Percent. 

Feet. 

Percent. 

Feet. 

Per  Cent. 

4-60 

+  11-11 

6^02 

— 

0-40 

6-64 

-    9-75 

9-00 

+  11-11 

•51 

+  10-86 

•08 

— 

0-60 

•66 

-    9^91 

•01 

+  10-99 

•62 

+  10-62 

•04 

— 

0-79 

•66 

-  1007 

•02 

+  10-86 

•58 

+  10-88 

•06 

— 

0-99 

•67 

-  10-23 

•03 

+  10-74 

•54 

+  10^18 

•06 

— 

1^19 

•68 

-  10-89 

•04 

+  10-62 

•66 

+    9-89 

•07 

— 

1'88 

•59 

-  10-56 

•05 

+  10-60 

•66 

+    9-65 

•08 

— 

1*57 

6-60 

-  10-71 

•06 

+  10-88 

•67 

+    9-41 

•09 

— 

1^77 

•61 

-  10-87 

•07 

+  10-25 

•68 

+    9^17 

6^10 

— 

1^96 

•62 

-  1103 

•08 

+  1013 

•69 

+    8-93 

•11 

— 

2^16 

•68 

-  U-19 

•09 

+  1001 

4-60 

+    8-70 

•12 

— 

2^84 

9-10 

+    9-89^ 

•61 

+    8-46 

•18 

— 

2^68 

•11 

+    9-77 

•62 

+    8^28 

•14 

~ 

2-72 

•12 

+    9-65 

•68 

+    7-99 

•16 

— 

2-91 

•18 

+    9-58 

•64 

+    7-76 

•16 

_ 

8-10 

•14 

4-    9^41 

•66 

+    7-68 

•17 

— 

3-29 

•15 

+    9-29 

•66 

+    780 

•18 

— 

8^47 

•16 

+    9-17 

•67 

+    7-07 

•19 

— 

3-66 

•17 

+    9-06 

•68 

+    6-84 

6-20 

— 

8^85 

•18 

+    8-98 

•69 

+    6-61 

•21 

— 

4-08 

•19 

+    8^81 

4^70 

+    6-88 

•22 

— 

4-21 

9-20 

+    8^7a 

•71 

+    6-16 

•28 

,  — 

4-40 

•21 

+    8-58 

•72 

+    5-98 

•24 

— 

4^68 

•22 

+    8-46 

•78 

+    6-71 

•25 

— 

4^76 

•23 

+    8-34 

•74 

+    6-49 

•26 

_ 

4^94 

•24 

+    8^28 

•76 

+    6-26 

•27 

— 

612 

•25 

+    8-11 

•76 

+    6-04 

•28 

_ 

680 

•26 

+    7^99 

•77 

+    4-82 

•29 

— 

6^48 

•27 

+    7-87 

•78 

+    4-60 

6-80 

~ 

6-66 

•28 

+    7-76 

•79 

+    4-38 

•81 

— 

6^84 

•29   . 

+    7-64 

4-80 

+    4-17 

•82 

-. 

602 

9^80 

+    7-58 

•81 

+    8-96 

•83 

— 

6-19 

•81 

+    7-41 

•82 

+    8^73 

•84 

-. 

6-87 

•82 

+    7-30 

•83 

+    8-62 

•85 

— 

6-54 

•33 

+    7-18 

•84 

+    8-81 

•86 

— 

6-72 

•34 

+    707 

•86 

+    809 

•87 

— 

6^89 

•86 

+    6-95 

•86 

+    2-8B 

•88 

_ 

706 

•36 

+    6^84 

•87 

+    2-67 

•89 

— 

7-24 

•87 

+    6^72 

•88 

+    2-46 

5-40 

_ 

7-41 

•38 

+    6-61 

•89 

+    2^26 

•41 

— 

7-68 

•89 

+    6-50 

4-90 

+    2-04 

•42 

— 

7-76 

9^40 

+    6-38 

•91 

+    1-83 

•43 

— 

7-92 

•41 

+    6-27 

•92 

+    1-63 

•44 

— 

8^09 

•42 

+    6-16 

•98 

+    1-42 

•46 

. 

8-26 

•43 

+    6^04 

•94 

+     1-21 

•46 

— 

8-42 

•44 

+    6^93 

•96 

+     1-01 

•47 

_ 

8-59 

•46 

+    5-82 

•96 

+    0-81 

•48 

— 

8-76 

•46 

+    5-71 

•97 

+    0-60 

•49 

— 

8-93 

•47 

+    5-60 

•98 

+    0-40 

6-60 

— 

909 

•48 

+    5-49 

•99 

+    0-20 

•61 

_ 

9-26 

•49 

+    5-37 

6^00          NU. 

•62 

— 

9-42 

9-60 

+    5'26 

•01       -    0-20 

i         ''^ 

— 

9-59 

II         -61 

+    6-15 
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Meter  Registering 

Meter  Begistering 

Meter  Begistering 

Meter  Begistering 

aOFeet. 

20  Feet 

20  Feet. 

80  Feet. 

Reading 

ofSoale 

Amoont 
Error. 

Reading 
of  Boale 

Amoont 

of 
Error. 

Reading 
ofSoale 

Amoont 

of 
Error. 

Reading 
of  Scale 

AmoonI 

of 
Error. 

OfOM- 

bolder. 

of  Oat- 
holder. 

ofOae- 
bolder. 

ofOaa- 
bolder. 

Feet. 

Percent. 

Feet. 

Per  Cent. 

Feet. 

Per  Gent. 

Feet. 

Percent. 

flO-16 

0-79 

21-20 

« 

6^66 

2224 

-  10-07 

27-00 

+  u-ii 

•18 

_ 

0^89 

•22 

^ 

6^76 

•26 

-  10^ 16 

•02 

+  UOd 

ao*20 

— 

0-99 

•24 

. 

6-84 

•28 

-  10-28 

•04 

+  10^96 

•22 

. 

1-09 

•26 

« 

6^98 

2280 

-  1081 

•06 

+  10-86 

.24 

. 

119 

•28 

. 

602 

•82 

-  10-89 

•08 

+  10^78 

•26 

. 

1^28 

21^80 

_ 

610 

•84 

-  1047 

27-10 

+  10-70 

•28 

~ 

r88 

•32 

. 

6*19 

•36 

-  1066 

•12 

+  10-62 

20-80 

_ 

148 

•34 

_ 

6-28 

•88 

-  10-63 

•14 

+  10-64 

•32 

_ 

157 

•36 

_ 

6^87 

22^40 

-  10-71 

•16 

+  10-46 

•84 

~ 

1^67 

•38 

. 

6*46 

•42 

-  10-79 

•18 

+  10-88 

•36 

— 

1-77 

2140 

. 

6*54 

•44 

-  10-87 

27-ao 

+  1030 

•88 

— 

1^86 

•42 

. 

668 

•46 

-  1096 

•22 

+  10^21 

«)^40 

— 

1-96 

•44 

— 

672 

•48 

-  11^08 

•24 

H-  10-18 

•42 

— 

2-06 

•46 

. 

6-80 

22^60 

-  ii-u 

•26 

+  10-06 

•44 

. 

2-15 

•48 

« 

6-89 

-28 

+    9-97 

•46 

— 

226 

21-50 

_ 

6-98 

27-80 

+    9-89 

•48 

. 

2^34 

•62 

_ 

7^06 

-82 

+    9^81 

90^60 

_ 

2-44 

•64 

_ 

7*16 

•84 

+    9^78 

•62 

— 

2^68 

•66 

«. 

7^24 

-86 

+    9-66 

•64 

^ 

2^68 

•68 

^ 

7^82 

•88 

27-40 

•42 

+    9-67 

•66 

» 

2^78 

21^60 

_ 

7^41 

+    9-49 

•58 

— 

2^82 

•62 

« 

7^49 

+    9-41 

^•60 

— 

2^91 

•64 

. 

7^58 

•44 

+    9-88 

•62 

— 

301 

•66 

_ 

7-66 

•46^ 

+    9-26 

•64 

— 

3^10 

•68 

__ 

7-76 

•4r 

+    9-17 

•66 

— 

3-19 

21-70 

__ 

7-83 

27-60 

+    9-09 

•68 

. 

3-29 

•72 

_ 

7^92 

•62 

+    9-01 

ao-70 

— 

888 

•74 

«. 

8^00 

•64 

+    3-98 

•72 

_ 

347 

•76 

_ 

8^09 

•66 

+    8-86 

•74 

_ 

3^67 

•78 

_ 

8^17 

•58 

+    8^78 

•76 

— 

3^66 

2180 

_ 

8^26 

27-60 

+    8-70 

•78 

_ 

3^76 

•82 

— 

8^84 

•62 

+  s-ea 

•20-80 

— 

386 

•84 

_ 

842 

•64 

+    8^64 

•82 

_ 

3-94 

•86 

__ 

8^61 

•66 

+    8-46 

•84 

— 

408 

•88 

_ 

8^69 

•68 

+    8^88 

•86 

~ 

4-12 

2190 

_ 

8-68 

27^70 

+    8^8I 

•88 

— 

421 

•92 

^ 

8-76 

•72 

+    8^28 

20^90 

— 

4-31 

•94 

— 

8-84 

•74 

+    816 

•92 

_ 

4-40 

•96 

«. 

8-93 

•76 

+    807 

•94 

— 

4-49 

•98 

— 

9^01 

•78 

+    7-99 

•96 

— 

4-68 

22^00 

— 

9-09 

27-80 

+    7^92 

•98 

_ 

4-67 

•02 

». 

9-18 

•82 

+    7-84 

21-00 

— 

4^76 

•04 

— 

9^26 

•84 

+    7^76 

•02 

— 

4-86 

•06 

_ 

9-34 

•86 

+    7^68 

•04 

— 

4-94 

•08 

— 

9^42 

•88 

+    7^61 

•06 

— 

6^03 

22^10 

_ 

9^61 

27-90 

+    7-68 

•08 

— 

6-12 

•12 

— 

9-59 

•92 

+    7-46 

ai^io 

— 

6-21 

•14 

— 

9^67 

-94 

+    7-88 

•12 

— 

6-80 

•16 

— 

9-75 

•96 

+    7-30 

•14 

— 

6^39 

•18 

— 

9-83 

•98 

+    7-22 

•16 

— 

5-48 

22^20 

_ 

991 

2800 

+    7-14 

•18 

"" 

657 

•22 

— 

9^99 

•02 

•f    707 
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Meter  BegiBtering 

Meter  Registering 

Meter  Registering 

Meter  Registering 

80  Feet. 

80  Feet. 

80  Feet. 

80  Feet. 

Readii^g 
ofSoale 

Amount 

of 
Error. 

Beading 
of  Scale 

Amount 

of 
Error. 

Beading 
of  Scale 

Amount 

of 
Error. 

Reading 
of  Scale 

Amount 

of 
Error. 

OfOM- 

holder. 

of  Gas- 
holder. 

of  Gas- 
holder. 

of  Gas- 
holder. 

Feet. 

PerOent. 

Feet. 

Per  Gent. 

Feet. 

Per  Gent. 

Feet. 

Per  Gent 

28-04 

+ 

6^99 

2908 

+    816 

30^12 

-     0-40 

31-16 

— 

872 

•06 

+ 

6-92 

2910 

+    8-09 

•14 

-    0-47 

•18 

— 

879 

•08 

+ 

6-84 

•12 

+    802 

•16 

-    0-63 

81-20 

— 

8-86 

S8-10 

+ 

6-76 

•14 

+    2-96 

•18 

-    0-60 

•22 

— 

8-91 

•12 

+ 

6*69 

•16 

+    2-88 

80-20 

-    0-66 

•24 

— 

8-97 

•14 

+ 

6^61 

•18 

+    2-81 

•22 

-    0-78 

•26 

— 

4-08 

•16 

+ 

6-63 

29^20 

+    2-74 

•24 

-    0-79 

•28 

— 

409 

•18 

+ 

6-46 

•22 

+    2-67 

•26 

-    0-86 

8130 

— 

416 

28^ao 

-f 

6^88 

•24 

+    2-60 

•28 

-    0-92 

•82 

— 

4-22 

•22 

+ 

6-31 

•66 

+    2-68 

80^80 

-    0-99 

•84 

— 

4-28 

•24 

+ 

6*28 

•28 

+    2-46 

•82 

-     1-06 

•36 

— 

4^34 

•26 

+ 

6^16 

29-30 

+    2-39 

•84 

-     1-12 

•38 

— 

4-40 

•28 

+ 

6*08 

•82 

+    2-32 

•86 

-    1-19 

3140 

— 

4-46 

28*30 

+ 

6^01 

•34 

+    2-25 

•88 

-     1-26 

•42 

— 

4-62 

•82 

+ 

6^93 

•36 

-f    2-18 

30^40 

-     1-32 

•44 

— 

4-68 

•84 

+ 

5^86 

•88 

+    211 

•42 

-     1^38 

•46 

— 

4-64 

•86 

+ 

6-78 

29*40 

+    204 

•44 

-     1-44 

•48 

— 

4-70 

•88 

+ 

6-71 

•42 

+    1^97 

•46 

-     1-61 

31-60 

— 

4-76 

28-40 

+ 

6^63 

•44 

+    1^90 

•48 

-     1^67 

-62 

— 

4-82 

•42 

+ 

6-66 

•46 

+    1^88 

80^60 

-     1^64 

•64 

— 

4-88 

•44 

+ 

6-49 

•48 

+    1^76 

-62 

-     1^71 

•66 

— 

4^94 

•46 

+ 

6-41 

29-60 

+     1-69 

•64 

-     1-77 

•68 

— > 

600 

•48 

+ 

6-84 

•62 

+    1-63 

•66 

-     1-83 

81-60 

— 

6-06 

28-60 

+ 

6-26 

•64 

+    1-56 

•68 

-     1^89 

•62 

— 

6-12 

•62 

+ 

6^19 

•66 

+     1*49 

80-60 

-     1-96 

•64 

— 

6-18 

•64 

+ 

6^11 

•68 

+     1-42 

•62 

-    202 

•66 

^ 

6^24 

•66 

+ 

6-04 

29^60 

+    1-86 

•64 

-     2-09 

•68 

— 

6^30 

•68 

+ 

4-96 

•62 

4-    1-28 

•66 

-    2-16 

81-70 

— 

6-36 

28^60 

+ 

4^89 

•64 

+    1-21 

•68 

-     2-22 

•72 

— 

6-42 

•62 

+ 

4-82 

•66 

+    1-14 

30-70 

-     2-28 

•74 

— 

6-48 

•64 

+ 

4-76 

•68 

+     1-08 

•72 

-     2-34 

•76 

~ 

6-64 

•66 

+ 

4-67 

29-70 

+    1-01 

-74 

-     2-40 

•78 

~ 

6^60 

•68 

+ 

4-60 

-72 

+    0-94 

•76 

-     2-47 

31-80 

— 

6-66 

28-70 

+ 

4-68 

•74 

+    ©•88 

•78 

-     2-68 

-82 

_ 

672 

•72 

+ 

4-46 

•76 

+    0^81 

80-80 

-    2-60 

•84 

— 

6^78 

•74 

+ 

4-88 

•78 

+    0^74 

•82 

-     2-66 

-86 

~ 

6^84 

-76 

+ 

4-81 

29-80 

+    0^67 

•84 

-     2-72 

•88 

_ 

6-90 

•78 

+ 

424 

•82 

+    0-60 

•86 

-     2-78 

31^90 

— 

6-% 

28-80 

+ 

4-17 

•84 

+    0-68 

•88 

-     2-85 

•92 

— 

602 

•82 

+ 

4^10 

•86 

+    0-47 

80-90 

-     2^91 

•94 

— 

6-08 

-84 

+ 

4^02 

•88 

+    0-40 

-92 

-     2^97 

•96 

— 

6- 18 

•86 

+ 

8-96 

29-90 

+    0-33 

•94 

-    3-04 

-98 

— 

6^19 

•88 

+ 

8-88 

•92 

+    0-26 

•96 

-     8-10 

82-00 

— 

6^26 

28^90 

+ 

8-81 

•94 

+    0-20 

•98 

-     8-16 

•02 

_. 

6^31 

•92 

+ 

8-78 

•96 

+    0-13 

81^00 

-     3-22 

•04 

— 

6^37 

•94 

+ 

8-66 

•98 

+    0-07 

•02 

-     3-29 

•06 

— 

6-42 

-96 

+ 

8-69 

30-00 

Nil. 

•04 

-    8-85 

•08 

— 

648 

•98 

+ 

8-62 

•02 

-    0-07 

•06 

-     3-42 

82^10 

— 

6-64 

29^00 

+ 

8-46 

•04 

-    0-18 

•08 

-     8-48 

•12 

_ 

6^60 

•02 

+ 

8-88 

•06 

-    0-20 

31-10 

-    8-64 

•14 

~ 

6-66 

•04 

+ 

8-81 

-08 

-    0^27 

•12 

-     2-60 

•16 

— 

672 

•06 

+ 

8-24 

8010 

-     0^88 

•14 

-     3-66 

•18 

■" 

677 

272 
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Meter  BegiBtering 

Meter  Begistering 

Meter  Begistering 

Meter  BegUtering 

80  Feet. 

80  Feet 

40  Feet. 

40  Feet. 

Reading 
ofSoele 

Amoimt 

of 
Error. 

Beading 
of  Scale 

Amount 
of 

Beading 
of  Scale 

Amount 

of 
Error. 

Beading 
of  Scale 

Amoont 

of 
Error. 

OfOM- 

holder. 

ofaaa- 
bolder. 

of  Gas. 
holder. 

of  Qas- 
bolder. 

Feet. 

Percent. 

Feet. 

Per  Gent 

Feat. 

Per  Cent. 

Feet. 

Percent. 

82-20 

-    6^88 

88^24 

-    976 

86-00 

+  U^ll 

8704 

+ 

799 

•22 

-    6-89 

•26 

-    9^81 

•02 

+  11-06 

•06 

+ 

7^98 

-24 

-    696 

•28 

-    9^86 

•04 

+  10-99 

•08 

+ 

7^87 

•26 

-    7^01 

88^80 

-    991 

•06 

+  10-92 

87^10 

+ 

7^82 

•28 

-    707 

•32 

-    9^96 

•08 

+  10-86 

•12 

+ 

7-76 

82-80 

-    7^12 

•84 

-  10-01 

86-10 

+  10^80 

•14 

+ 

7-70 

•82 

-     7-18 

•86 

-  1007 

•12 

+  10-74 

•16 

4- 

7^64 

-84 

-    7-24 

•38 

-  10- 12 

•14 

+  1U^68 

•18 

4- 

7-69 

•86 

-     7-30 

8840 

-  W18 

•16 

+  10-62 

87-20 

+ 

7-6a 

•88 

-     7^86 

•42 

-  10-23 

•18 

+  10-66 

•22 

+ 

7-47 

82-40 

-     7-41 

•44 

-  10-28 

8620 

+  10-60 

•24 

+ 

7-41 

•42 

-    7-47 

•46 

-  W84 

•22 

+  10-44 

•26 

+ 

7-8fr 

•44 

-     7-63 

•48 

-  10-39 

•24 

+  10-88 

•28 

+ 

7-30 

•46 

-    7^69 

88^60 

-  10^46 

•26 

+  10-31 

87-30 

-f 

7^24 

•48 

-     7^64 

•62 

-  10^60 

•28 

+  10-26 

-32 

+ 

7-18 

82-50 

-    770 

•64 

-  10-66 

86^80 

+  10-19 

-84 

+ 

7^18. 

-62 

-     7*76 

•66 

-  10^61 

•82 

+  10^18 

•86 

4- 

707 

•64 

-     7-82 

•68 

-  10^66 

•34 

+  10-07 

•88 

+ 

7^01 

•66 

-     7-b7 

8860 

-  1071 

•86 

+  10^01 

87-40 

+ 

6-96 

•68 

-     7-98 

•62 

-  1076 

•88 

+    9-96 

•42 

+ 

690 

82-60 

-    7^98 

•64 

-  10-82 

8640 

+    9^89 

•44 

+ 

6^84 

•62 

-    8^04 

•66 

-  10^87 

•42 

+    9^83 

•46 

+ 

6^78 

•64 

-    8- 10 

•68 

-  1098 

•44 

+    9-77 

•48 

+ 

672 

•66 

-    8-16 

8870 

-  10-98 

•46 

+    9-71 

87-60 

+ 

6^66 

•68 

-    8^21 

•72 

-  1108 

•48 

+    9-66 

•62 

■4- 

6^61 

82^70 

-    8-26 

•74 

-  1109 

8660 

+    9-69 

•64 

-f 

666 

•72 

-    8-32 

•76 

-  1114 

•62 

+    9-63 

•66 

+ 

660 

•74 

-    8^87 

•78 

-  1119 

•64 

+    9-47 

•68 

+ 

6-41 

•76 

-    8-48 

•66 

+    9-41 

87-60 

4- 

6^8a 

•78 

-     8^49 

-68 

+    9-86 

•62 

4- 

682 

82^80 

-    8^64 

3660 

+    929 

•64 

4- 

627 

•82 

-    8-60 

•62 

+    9^28 

•66 

4- 

621 

'84 

-    866 

•64 

+    9-17 

•68 

4- 

6^16 

•86 

-    8-71 

•66 

+    9-11 

87^70 

4- 

610- 

•88 

-    8*77 

•68 

+    9^06 

•72 

4- 

6-04 

82-90 

-    882 

86-70 

+    8^99 

•74 

4- 

698. 

•92 

-    8-87 

•72 

+    8^93 

•76 

4- 

6^98. 

•94 

-    898 

•74 

+    8^b7 

•78 

4- 

6'^ 

•96 

-    8^99 

•76 

+    8-81 

87-80 

4- 

•98 

-    904 

•78 

+    8-76 

•82 

4- 

6-76 

8800 

-    9^09 

8680 

+    8-70 

•84 

4- 

6-71 

•02 

-    9-16 

•82 

+    8-64 

•86 

4- 

6^66. 

•04 

-     9^20 

•84 

+    8-68 

•88 

4- 

6-60 

•06 

~    926 

•86 

+    8-62 

87-90 

4- 

6  64 

•08 

-     9^81 

•88 

+    8-46 

•92 

4- 

5-49 

88^10 

-     9^36 

86^90 

+    8-40 

•94 

4- 

6  48 

•12 

-    9^42 

•92 

+    8-84 

•96 

4- 

687 

•14 

-    9-47 

•94 

+    8-29 

•98 

4- 

6  •SI 

•16 

-     9-68 

•96 

+    8-28 

88-00 

4- 

626 

•18 

-    969 

•98 

+    8^17 

•02 

4- 

620 

88*20 

-    9^64 

87^00 

+    8^11 

•04 

4- 

616 

•22 

-    9-70 

•02 

+    8-06 

•06 

4- 

6-09 

1 
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Meter  Begistoring 

Meter  Begistering 

Meter  BegiBteriDg 

Meter  Begistering 

40  Feet. 

40  Feet. 

40  Feet. 

40  Feet. 

Beading 
of  Soale 

Amount 

of 

Error. 

Beading 
of  Scale 

Amount 

of 
Error. 

Beading 
of  Soale 

Amount 

of 
Error. 

Beading 
of  Scale 

Amount 

of 
Error. 

ofQas- 
liolder. 

of  Gas- 
holder. 

ofQas- 
holder. 

ofGae- 
holder. 

Feet. 

Per  Cent. 

Feet. 

Per  Gent.  | 

Feet. 

Per  Cent. 

Feet. 

Percent. 

8806 

+ 

6  04 

8912 

+ 

2-25 

4016 

-    0^40 

41-20 

-    2-91 

88-10 

+ 

4-98 

•14 

+ 

2*20 

•18 

-     0-46 

-22 

-    2^96 

•12 

+ 

4-98 

•16 

+ 

2-15 

40-20 

-    0-60 

•24 

-    301 

•14 

+ 

4-87 

.  -18 

+ 

2^09 

22 

-    0-66 

•26 

-    8-06 

•16 

+ 

4-82 

89-20 

+ 

204 

•24 

-     0-60 

•28 

-    310 

•18 

+ 

4-76 

•22 

+ 

1^99 

•26 

-    0-66 

41-80 

-    816 

88-20 

+ 

471 

•24 

+ 

1-94 

-28 

-    0-70 

•82 

-    3-1^ 

•22 

+ 

4^65 

•26 

+ 

1'88 

40-80 

-    0-76 

•34 

-    8-24 

^     -24 
t     -26 

+ 

4-60 

•28 

+ 

1-88 

•82 

-    0-79 

•86 

-    8-2» 

+ 

4-54 

89-30 

+ 

1-78 

-84 

-    0-84 

•88 

-    8-84 

•28 

+ 

4-49 

•32 

+ 

178 

•86 

-    089 

41-40 

-    8-88 

88-80 

+ 

4-44 

•84 

+ 

1-68 

•88 

-    0-94 

•42 

-     8-4a 

•82 

+ 

4-88 

-86 

+ 

1-63 

4040 

-    0-99 

•44 

-    8-47 

*84 

+ 

4.88 

•88 

+ 

1-67 

•42 

-    104 

•46 

-    8^62 

•88 

+ 

4-28 

89-40 

+ 

1^62 

•44 

-    1-09 

•48 

-    867 

•88 

+ 

4-22 

-42 

+ 

1-47 

•46 

-    1-14 

41-50 

-    3-61 

88-40 

+ 

417 

•41 

+ 

1-42 

•48 

-    1-19 

•62 

-    86ft 

•42 

+ 

411 

-46 

+ 

1-87 

4050 

-    1-24 

•64 

-    8-71 

•44 

+ 

406 

•48 

+ 

1-82 

•52 

-    1-28 

•66 

-    8-76 

•46 

+ 

400 

89-60 

+ 

1-26 

•64 

-    1-88 

•68 

-    3-80 

•48 

+ 

8-96 

•62 

+ 

1-21 

-66 

-    1-88 

41-60 

-    8^85 

88-60 

+ 

8-90 

-64 

+ 

1-16 

•68 

-    1-48 

•62 

-    3-90 

•62 

+ 

8-84 

•66 

+ 

1-11 

4060 

-    1-48 

•64 

-    8-94 

•64 

+ 

8-78 

•68 

+ 

106 

•62 

-    1-68 

•66 

-    8-90 

•66 

+ 

8-78 

39-60 

+ 

1-01 

•64 

-    1-67 

•68 

-    4-08 

•68 

+ 

8-68 

•62 

+ 

0-96 

•66 

-    1-62 

41^70 

-    406 

88^60 

+ 

8-68 

•64 

+ 

0-91 

•68 

~    1-67 

•72 

-    412 

•62 

+ 

8-67 

-66 

+ 

0-86 

40-70 

-    1-72 

•74 

-    417 

•64 

+ 

8-62 

•68 

+ 

0-81 

•72 

-    1-77 

•76 

-    4-21 

•66 

■h 

8-46 

89-70 

+ 

0-76 

•74 

-    1-82 

•78 

-    4-26 

•68 

+ 

8-41 

•72 

+ 

0-70 

•76 

-    1-86 

41  80 

-    4-81 

88-70 

+ 

8-86 

•74 

+ 

0-65 

•78 

-     1-91 

•82 

-    4-86 

•72 

+ 

8-81 

•76 

+ 

0-60 

40-80 

-    1^96 

•84 

-    4-40 

•74 

+ 

8-26 

■78 

+ 

0-66 

•82 

-     2^01 

•86 

-    4-4& 

-76 

+ 

8-20 

89-80 

+ 

0-50 

•84 

-    2-06 

•88 

-    4-49 

•78 

+ 

814 

-82 

+ 

0-46 

•86 

-    2-10 

41-90 

-    4-54 

88-80 

+ 

809 

•84 

+ 

0-40 

•88 

-    2-15 

•92 

-    46a 

-82 

+ 

804 

•86 

+ 

0-86 

40^90 

-    2-20 

•94 

-    4-68 

•84 

+ 

2-99 

•88 

+ 

0-80 

•92 

-    225 

•96 

-    4-67 

-86 

+ 

2-98 

39-90 

+ 

0-26 

•94 

-    2-30 

•98 

-    4-72 

-88 

+ 

2^88 

-92 

+ 

0-20 

•96 

-     2^34 

42-00 

-    4-76 

88-90 

+ 

2-82 

•94 

+ 

016 

•98 

-    2^89 

•02 

-    4-81 

•92 

+ 

2-77 

•96 

+ 

0.10 

41-00 

-    2-44 

-04 

-    4-86 

•94 

+ 

2-72 

•96 

+ 

0-06 

•02 

-     2-49 

•06 

-    4-90 

•96 

+ 

2-67 

4000 

1 
J 

Nil. 

•04 

-    2-63 

•08 

-     4-94 

-98 

+ 

2-61 

•02 

— 

005 

•06 

-    2-68 

42  10 

-    499 

89-00 

+ 

2-66 

-04 

-. 

0-10 

•08 

-    2-63 

-12 

-    608 

•02 

+ 

2-61 

-06 

_ 

016 

41^10 

-    2^68 

•14 

-    5-06 

•04 

+ 

2*46 

•08 

» 

0-20 

•12 

-    2^72 

•16 

-    6-12 

•06 

+ 

240 

40-10 

— 

0-26 

•14 

-    2-78 

•18 

-    617 

•08 

+ 

286 

-12 

— 

0-80 

•16 

-     2-82 

42-20 

-    521 

89-10 

+ 

2-80 

•14 

— 

086 

•18 

-    2-87 

•22 

-    5-26 
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Meter  Begistazfaig 

Meter  Begirtering 

Meter  Begistering 

Meter  BegitteriAff 

40  Feet. 

40  Feet 

40  Feet. 

50  Feel. 

Beading 
of  Scale 

Amount 

of 
Error. 

Beading 
of  Scale 

Amount 

of 
Brror. 

Beading 
of  Scale 

Amount 

of 

ESrror. 

Beading 
of  Scale 

Amount 

of 
Error. 

ofOas- 
kolder. 

of  Oas- 
holder. 

of  Gas- 
holder. 

of  aas- 
holder. 

FMt 

Per  Cent. 

Feet. 

Percent. 

Feet. 

Per  Cent. 

Feet. 

Percent. 

42-24 

-     6-30 

48-28 

-     7^68 

44-32 

-     9-76 

46-00 

+  1111 

•26 

-     6-86 

48-80 

-    7-62 

-34 

-     9-79 

•02 

+  ir06 

*28 

-    6-89 

•82 

-    7-66 

•86 

-     9-83 

-04 

+  1101 

4260 

-    6-44 

•84 

-    7-71 

•38 

-     9:87 

•06 

+  10-96 

•82 

-     6-48 

•86 

-    7-75 

44-40 

-    9-91 

•08 

+  10-91 

•84 

-     6^68 

•88 

-    7-79 

•42 

-    9-96 

45-10 

+  10-86 

•86 

-    6^67 

48-40 

-    7-88 

-44 

-     9-99 

•12 

+  10-81 

•88 

-     662 

•42 

-     7-88 

•46 

-  10-03 

-14 

+  10-76 

42-40 

-    6-66 

•44 

-    7-92 

•48 

-  10-07 

•16 

+  10-72 

•42 

-    ^-71 

•46 

-    7-96 

44-60 

-  1011 

•18 

+  10-67 

•44 

-     6-76 

•48 

-    8-00 

-62 

-  10-15 

46-20 

+  10-62 

•46 

-     6-80 

48^60 

-     806 

•64 

-  10- 19 

•22 

+  10-57 

•48 

--    6-84 

•62 

-     8-09 

•66 

-  10-23 

•24. 

+  10-62 

42-60 

-    6-88 

•64 

-    8-13 

•68 

-  10-27 

•26 

+  10-48 

•62 

-    6-98 

•66 

-    8-17 

44-60 

-  10-31 

•28 

+  10-48 

•64 

-     6-98 

•68 

-     8-22 

•62 

-  10-36 

46-30 

+  10-38 

•66 

-    6-02 

48-60 

-    8-26 

•64 

-  10-39 

-32 

+  10-83 

•68 

-    6-06 

•62 

-    8-30 

•66 

-  10-43 

•34 

+  10-28 

4260 

~    6-10 

•64 

-    8-34 

-68 

-  10-47 

•36 

+  10-28 

•62 

-    6-16 

•66 

-    8-88 

44-70 

-  10-61 

•38 

+  10-18 

•64 

-    6-19 

•68 

-     8-42 

•72 

-  10-66 

46-40 

+  1018 

•66 

-    6-24 

48-70 

-    8-47 

•74 

-  10-59 

-42 

+  10^03 

•68 

-     6-28 

•72 

-    8-61 

•76 

-  10-63 

•44 

+  1003 

42-70 

-     6-33 

•74 

-     8-66 

•78 

-  10-67 

-46 

+    9-99 

•72 

-     6-37 

•76 

-    8-69 

44-80 

-  10-71 

-48 

+    9^94 

•74 

-     6-41 

•78 

-    8-64 

-82 

-  10-75 

46'50 

+    9-89 

-76 

-    6-46 

48-80 

-    8-68 

-84 

-  10-79 

'62 

+    9-84 

•78 

-    6-60 

-82 

-     8-72 

•86 

-  10-84 

•64 

+    9-79 

42-80 

-     6-64 

•84 

-    8-76 

•88 

-  10-87 

•56 

+    9-76 

•82 

-     6-69 

•86 

-    8-80 

44-90 

-  10-91 

•68 

4-    970 

•84 

-     6-63 

•88 

-     8-84 

•92 

-  10-96 

46-60 

+    9^66 

•86 

-     6-68 

43-90 

-     8-89 

•94 

-  10-99 

•62 

+    960 

•88 

-     6-72 

-92 

-    8-93 

•96 

-  1103 

•64 

+    9-66 

43-90 

-    6-76 

•94 

-     8-97 

•98 

-  1107 

•66 

-h    9.60 

•92 

-     6-80 

•96 

-     9-01 

46^00 

-  11-11 

•68 

+    9-46 

•94 

-    6-86 

•98 

-     905 

4670 

+    9-41 

•96 

-    6-89 

44-00 

-    909 

•72 

-h    9^36 

•98 

-    6-94 

-02 

-     914 

•74 

+    9-31 

4300 

-    6-98 

•04 

-     9-18 

•76 

+    9-27 

•02 

-     7-02 

•06 

-     0-22 

•78 

-h    9-22 

•04 

-    706 

•08 

-     9-26 

45^80 

+    9-17 

•06 

-     7-11 

4410 

-     9-80 

•82 

+    912 

•08 

-     7-16 

•12 

-     9-34 

-84 

+    9-07 

48-10 

-     7-20 

•14 

-    9-38 

•86 

-h    9-08 

•12 

-    7-24 

•16 

-     9-42 

•88 

+    8-98 

•14 

-     7-28 

•18 

-     9-47 

46-90 

-h    8-93 

•16 

-    7-32 

44-20 

-     9-61 

•92 

-h    8^88 

•18 

-    7-37 

•22 

-     9-66 

-94 

+    8-84 

48-20 

-    7-41 

•24 

-     9-69 

•96 

-h    8-79 

-22 

-     7-46 

•26 

-     9-68 

•98 

+    8^76 

•24 

-    7-49 

•28 

-    9-67 

4600 

+    8^70 

•26 

-     7-64 

44-80 

-     9-71 

•02 

+    8^65 

GAS    ENGINEERS    AND   MANAGERS. 
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Meter  BegiBtering  | 

Meter  BegUtering 

Meter  BegUtering 

Meter  Begistering 

60  Feet 

60  Feet 

60  Feet 

60  Feet 

Beading 
of  Scale 

Amount 

of 
Error. 

Beading 
of  Scale 

Amount 
of 

Beading 
of  Scale 

Amount 
of 

Beading 
of  Scale 

Amount 
of 

of  Qa8> 
holder. 

ofOas- 
bolder. 

Error. 

of  Gas- 
holder. 

Error. 

of  Gas- 
holder. 

Error. 

Feet 

Per  Cent. 

Feet 

Per  Cent. 

Feet 

Percent 

Feet 

Per  Cent 

46*04 

+ 

8-60 

47*08 

+ 

6*20 

48- 12 

+ 

8^91 

4916 

+ 

1^71 

•06 

+ 

8*66 

4710 

+ 

616 

•14 

+ 

886 

•18 

+ 

!'&! 

08 

+ 

8-61 

•12 

+ 

6*11 

•16 

+ 

8-82 

49-20 

•f 

1*68 

46-10 

+ 

8-46 

14 

+ 

6*07 

•18 

+ 

8-77 

•22 

+ 

1*69 

•12 

+ 

8-41 

*16 

+ 

6*02 

48^20 

+ 

8*73 

•24 

+ 

1*66 

•14 

+ 

8*87 

*18 

+ 

6-98 

•22 

+ 

8^69 

•26 

+ 

1*60 

•16 

+ 

882 

47*20 

+ 

6*98 

•24 

+ 

8-66 

•28 

+ 

1*46 

•18 

+ 

8^28 

•22 

+ 

6-89 

•26 

+ 

8-60 

49*30 

■f 

1*42 

46*20 

+ 

tt-23 

*24 

+ 

6*84 

•28 

+ 

8^66 

•32 

+ 

1*38 

•22 

+ 

8-18 

26 

+ 

6-80 

48*80 

+ 

8-62 

•84 

+ 

1*34 

•24 

+ 

8*18 

*28 

+ 

6-76 

82 

+ 

3-48 

*36 

+ 

1-29 

26 

+ 

809 

47*80 

+ 

6-71 

•84 

+ 

8-44 

•38 

1-25 

•28 

+ 

8-04 

82 

+ 

6*67 

•86 

+ 

3*89 

49*40 

■f 

1-21 

46-80 

+ 

7^99 

*84 

+ 

6*62 

•88 

+ 

8*36 

•42 

+ 

117 

•82 

+ 

7*94 

*36 

+ 

6-68 

48-40 

+ 

3-81 

•44 

+ 

lis 

•34 

+ 

7 -SO 

*38 

+ 

6-68 

•  42 

+ 

8*27 

•46 

+ 

1^09 

•86 

+ 

7-85 

47-40 

+ 

6*49 

•44 

+ 

3*22 

*48 

+ 

1*06 

•88 

+ 

7-81 

•42 

+ 

6*44 

•46 

+ 

8-18 

49*60 

+ 

101 

46*40 

+ 

7*76 

•44 

+ 

6*40 

•48 

+ 

8^13 

•62 

+ 

0^97 

•42 

+ 

7-71 

•46 

+ 

6*86 

48-60 

+ 

309 

•64 

+ 

0*98 

•44 

+ 

7*67 

*48 

+ 

6*81 

•62 

+ 

806 

•66 

+ 

0-89 

•46 

+ 

7-62 

47*60 

+ 

6*26 

•64 

+ 

8^01 

*68 

+ 

0-86 

*48 

+ 

7*68 

*62 

+ 

6-22 

66 

+ 

2^96 

49*60 

+ 

081 

46*50 

+ 

7*63 

*64 

+ 

6*17 

•68 

+ 

2-92 

•62 

+ 

0*77 

•62 

+ 

7*48 

•66 

+ 

6*13 

48*60 

+ 

2^88 

•64 

+ 

0*78 

•64 

+ 

7-44 

*68 

+ 

6-08 

•62 

+ 

2^84 

•66 

+ 

0*68 

•66 

+ 

7*89 

47-60 

+ 

604 

•64 

+ 

280 

•68 

+ 

0*64 

•68 

+ 

7-86 

*62 

+ 

6*00 

•66 

+ 

2^76 

49*70 

+ 

0*60 

46*60 

+ 

7*30 

•64 

+ 

4*96 

•68 

+ 

2-71 

•72 

+ 

0*66 

•62 

+ 

7*25 

*66 

+ 

4*91 

48-70 

+ 

2^67 

•74 

+ 

0*62 

•64 

+ 

7*21 

•68 

+ 

4*86 

•72 

+ 

268 

•76 

+ 

0*48 

*66 

+ 

7*16 

47*70 

+ 

4*82 

•74 

+ 

2^69 

•78 

+ 

0*44 

•68 

+ 

7*12 

•72 

+ 

4-78 

•76 

+ 

2-64 

49*80 

+ 

0^40 

^•70 

+ 

707 

74 

+ 

4*78 

•78 

+ 

2^60 

•82 

+ 

0*36 

*72 

+ 

702 

•76 

+ 

4^69 

48*80 

+ 

2^46 

•84 

+ 

0-82 

*74 

+ 

6*98 

*78 

+ 

4-64 

•82 

•f 

2-42 

*86 

+ 

0*28 

*76 

+ 

6-93 

47-80 

+ 

4^60 

•84 

+ 

2^38 

•88 

+ 

0*24 

*78 

+ 

6-89 

*82 

-f 

4*66 

•86 

+ 

^•88 

49*90 

+ 

0-20 

46-80 

+ 

6-84 

*84 

+ 

4-61 

•88 

+ 

2^29 

•92 

+ 

0*16 

•82 

+ 

6*79 

*86 

+ 

4-47 

48*90 

+ 

226 

•94 

+ 

012. 

'84 

+ 

6*76 

•88 

+ 

4-42 

•92 

+ 

2^21 

•96 

4- 

0*08 

•86 

+ 

6*70 

47*90 

-f 

4-88 

•94 

+ 

217 

*98 

+ 

0*04 

•88 

H- 

6*66 

-92 

+ 

4*84 

•96 

+ 

2^12 

60*00 

NU. 

46-90 

+ 

6-61 

•94 

+ 

4-80 

•98 

+ 

2^08 

•02 

— 

004 

•92 

+ 

6-66 

-96 

+ 

4-25 

49^00 

+ 

2^04 

•04 

^ 

003 

•94 

+ 

6*62 

'98 

+ 

4-21 

•02 

+ 

2^00 

•06 

— 

0*12 

•96 

+ 

6*47 

48*00 

+ 

417 

•04 

+ 

1*96 

•08 

•^ 

0^16 

•98 

+ 

6-48 

*02 

+ 

4- 18 

•06 

+ 

1*91 

60*10 

~ 

0*20 

4700 

+ 

6*88 

•04 

-f 

4-08 

•06 

+ 

1*87 

•12 

— 

0*24 

•02 

+ 

6*84 

•06 

+ 

404 

49-10 

+ 

1*83 

•14 

•^ 

0-28 

•04 

+ 

6*29 

*08 

+ 

8-99 

•12 

+ 

1*79 

•16 

— 

0*82 

•06 

+ 

6*26 

4810 

+ 

8^96 

•14 

+ 

1*76 

•18 

~" 

0*86 

t2 
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Meter  Begistering 

Meter  Registering 

Meter  BegisteriDg 

Meter  BegisteriDg 

60  Feet. 

60  Feet. 

60  Feet. 

60  Feet. 

Beading 
of  Scale 

Amount 
of 

Beading 
of  Scale 

Amount 

of 
Error. 

Reading 
of  Scale 

Amount 

of 
Error. 

Reading 
of  Scale 

Amount 

of  Gas- 
holder. 

of  Gas- 
holder. 

of  Gas- 
holder. 

of  Gas- 
holder. 

of 
Error. 

Feet. 

Per  Cent. 

Feet. 

Percent. 

Feet. 

Per  Cent. 

Feet. 

Percent. 

fioao 

-     040 

51-24 

-     2-42 

52^70 

-     5^12 

66^80 

-    9^59 

•22 

-     0^44 

•26 

-     2-46 

•75 

-    6  21 

•85 

-    9^67 

•24 

-     0-48 

•28 

-    2-49 

•80 

-     530 

-40 

-    9-75 

-26 

-    0-62 

51-80 

-    2^68 

•85 

-    5-89 

-45 

-    9^88 

•28 

-    0-56 

•82 

-    2  57 

•90 

-     5^48 

65-50 

-    9^91 

50-80 

-     Q-60 

•84 

-    261 

•95 

-     5^57 

•65 

-    9^99 

•82 

~    064 

-86 

-     2-65 

5800 

-    666 

60 

-  1007 

•84 

-    0^68 

•88 

-    2-69 

•06 

-    6-75 

•66 

-  10^  16 

•86 

-     0-71 

51-40 

-     272 

•10 

-    6^84 

•70 

-  1028 

•88 

-    0-76 

•42 

-    2-76 

•15 

-    5^98 

•75 

-  10-31 

50-40 

-    0-79 

•44 

-    2^80 

•20 

-    6^02 

■80 

-  1089 

•42 

-    0-83 

•46 

-    2-88 

•25 

-    6-10 

•85 

-  10^ 47 

•44 

-    0^87 

•48 

-    2^87 

•80 

-    6-19 

•90 

-  10^55 

•46 

-    0-91 

5150 

-     2^91 

•85 

-    6^28 

•95 

-  10^68 

•48 

-    0-96 

•52 

-    2-95 

•40 

-     637 

66*00 

-  10^71 

60^60 

-    0-99 

•54 

-    2-99 

•45 

-    6^46 

'06 

-  10^79 

•62 

-     1^03 

•56 

-     802 

5850 

-    664 

•10 

-  10^87 

•64 

-     1^07 

•58 

-    806 

•55 

-    6-63 

*16 

-  10-96 

•56 

-    Ill 

51-60 

-     810 

•60 

-    672 

•20 

-  ii-oa 

•68 

-    115 

•62 

-    814 

•65 

-     6-80 

•26 

-  U'li: 

60-60 

-     1-19 

•64 

-    8^18 

•70 

-     6-89 

•62 

-     1-28 

•86 

-     8^2l 

•75 

-    6-98 

•64 

-     127 

•68 

-    825 

•80 

-    7^06 

•66 

-     1^30 

61^70 

-     8-29 

•85 

-    7-15 

•68 

-     134 

•72 

-     888 

•90 

-    7  •24 

60-70 

-     1-38 

•74 

-    836 

•95 

-    7-82 

•72 

-     1-42 

•76 

-     8-40 

54^00 

-    7-41 

•74 

-     1-46 

•78 

-     848 

•06 

-    7^49 

•76 

-     1^49 

61^80 

-    8-47 

•10 

-     7^58 

•78 

-     153 

•82 

-     851 

•15 

-    7^66 

60*80 

-     157 

•84 

-     8^56 

•20 

-    7^75 

•82 

-     1^61 

•86 

-     8-58 

.  -25 

-    7^88 

•84 

-     1-65 

•88 

-     862 

•80 

-    7^92 

•86 

-     1^69 

61^90 

-     8-66 

•35 

-    8-00 

•88 

-     1^78 

•92 

-    8^70 

•40 

-    8^09 

60-90 

-     177 

•94 

-    8^74 

•45 

-    8^17 

•92 

-     1-81 

•96 

-    8^77 

5450 

-    8^26 

•94 

-     1-85 

•98 

-     8^81 

•55 

-    8^84 

•96 

-     1-88 

52-00 

-    8-85 

•60 

-    8^42 

•98 

-      L'\fZ 

•05 

-    894 

•65 

-    8^61 

6100 

-     1-96 

•10 

-     408 

•70 

-    8^69 

02 

-    2^00 

•15 

-    4^12 

•75 

-    8^68 

•04 

-     204 

•20 

-    421 

•80 

-     8-76 

•06 

-     2-07 

•25 

-    4-81 

•85 

-    8^84 

•08 

-     2-11 

•80 

-     4^40 

•90 

-    8-98 

61-10 

-     2^15 

•85 

-     4^49 

•95 

-    9  01 

•12 

-     219 

•40 

-     4^58 

65^00 

-    9-09 

•14 

-     223 

•46 

-     4^67 

•05 

-    9^18 

1 

•16 

-     2^26 

i52-50 

-     4^76 

•10 

-    9-26 

•18 

-     280 

•55 

-    4'85 

•15 

-    9-84 

61^20 

-     284 

•60 

-     4^94 

•20 

-    9^42 

•22 

-     2-88 

•65 

-     5^03 

•25 

-    9^61 

1 
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Meter  Begiitering 
lOOFeet. 

Meter  Registering 

Meter  Begistering 
100  Feet. 

Meter  BAriBterinf 

XteAding 
of  Scale 

Amoont 

of 
Error. 

Beading 
ofSoale 

Amount 

of 
Error. 

Beading 
ofSoale 

Amoont 

of 
Error. 

Beading 

OfSoale 

Amount 

of 
Error. 

OfOM- 

holder. 

ofOaa. 
holder. 

of  Gas- 
holder. 

ofOaa- 
holder. 

Feet. 

Percent. 

Feet. 

Percent. 

Feet. 

Percent. 

Feet. 

Percent. 

90-00 

+  11^11 

92*66 

'+ 

7-93 

96^80 

+ 

4*98 

97-95 

+ 

2^09 

•05 

+  1105 

-70 

+ 

7-87 

•86 

+ 

4-87 

98-00 

+ 

204 

•10 

+  10-99 

•76 

+ 

7-82 

-40 

+ 

4-82 

•06 

+ 

199 

•16 

+  10-92 

•80 

+ 

7-76 

•46 

+ 

4-76 

•10 

+ 

1^94 

•20 

+  10^ 86 

•86 

+ 

7-70 

96-50 

+ 

4-71 

•15 

+ 

1^88 

•26 

+  10-80 

•90 

+ 

7^64 

•55 

+ 

4-65 

•20 

+ 

1-88 

-80 

+  10-74 

-96 

+ 

7-59 

•60 

+ 

4-60 

-25 

+ 

1^78 

•86 

+  10-68 

98-00 

+ 

758 

•66 

+ 

454 

•30 

+ 

1-78 

-40 

+  10^62 

•06 

+ 

7-47 

•70 

+ 

4-49 

•36 

+ 

i^ee 

-46 

+  10-66 

•10 

+ 

7-41 

-76 

+ 

4-48 

•40 

+ 

1-68 

^-60 

+  10-60 

•16 

+ 

7-86 

•80 

+ 

4-38 

-45 

+ 

1-67 

-66 

+  W44 

•20 

+ 

7-30 

-86 

+ 

4-83 

98-60 

+ 

1-62 

•60 

+  1088 

-26 

+ 

7-24 

-90 

+ 

4-28 

-55 

+ 

147 

•66 

+  10-81 

•80 

+ 

7-18 

•95 

+ 

4-22 

•60 

+ 

142 

•70 

+  10^25 

•86 

+ 

7-18 

96^00 

+ 

4-17 

•66 

+ 

187 

•76 

+  10-19 

•40 

+ 

7-07 

•06 

+ 

4^11 

•70 

+ 

1-32 

-80 

+  10-18 

•46 

+ 

7-01 

•10 

+ 

406 

•76 

+ 

1-26 

•86 

4-  10-07 

9860 

+ 

6-95 

•15 

+ 

400 

-80 

+ 

1-21 

•90 

+  1001 

•66 

+ 

6-90 

•20 

+ 

8^95 

-85 

+ 

1^16 

•96 

+    9-96 

•60 

+ 

6-84 

•25 

+ 

8-89 

•90 

+ 

1^11 

-91*00 

+    9-89 

•65 

+ 

6-78 

•80 

+ 

8-84 

-95 

+ 

106 

•06 

+    9-88 

•70 

+ 

6-72 

•35 

+ 

8-78 

9900 

+ 

1^01 

•10 

+    9-77 

-76 

+ 

6-66 

•40 

+ 

3^78 

•05 

+ 

0^96 

•16 

+    9-71 

•80 

+ 

661 

•45 

+ 

8-68 

•10 

+ 

091 

•20 

-f    966 

•85 

+ 

6  56 

9C^50 

+ 

3-63 

•15 

+ 

086 

•26 

+    9-69 

•90 

+ 

6^60 

•65 

+ 

8-57 

•20 

+ 

0^81 

•80 

+    9-68 

•96 

+ 

6^44 

•60 

+ 

8*52 

•26 

+ 

0-76 

•86 

+    9-47 

94^00 

+ 

6-38 

•65 

+ 

8^46 

•80 

+ 

0-70 

•40 

+    9-41 

-06 

+ 

6-82 

•70 

+ 

341 

•86 

+ 

0-66 

-46 

+    9-86 

•10 

+ 

6-27 

•75 

+ 

836 

•40 

+ 

0-60 

:91-60 

+    9^29 

-16 

4- 

6-21 

•80 

+ 

881 

•45 

+ 

0-56 

•66 

+    9^28 

•20 

+ 

6-16 

•86 

+ 

8-26 

99-60 

+ 

0-60 

•60 

+    9^17 

•25 

+ 

6-10 

•90 

+ 

320 

-65 

+ 

0*46 

•66 

+    9-11 

•80 

+ 

6-04 

•95 

+ 

814 

•60 

+ 

040 

•70 

+    9-06 

•85 

+ 

5^98 

97-00 

+ 

3^09 

•65 

+ 

0-35 

•76 

+    8^99 

•40 

+ 

5-98 

•06 

+ 

8-04 

-70 

+ 

080 

•80 

+    8^98 

•45 

+ 

5^87 

•10 

+ 

2*99 

•76 

+ 

026 

•85 

+    8-87 

94^60 

+ 

5^82 

•15 

-f 

2^93 

•80 

+ 

020 

•90 

+    8-81 

•66 

+ 

5^76 

•20 

+ 

2-88 

•85 

+ 

016 

•96 

+    8-76 

•60 

+ 

5^71 

•25 

+ 

2-82 

•90 

+ 

010 

^•00 

+    8-70 

•65 

+ 

5^65 

•80 

+ 

2-77 

•95 

+ 

006 

•06 

+    8-64 

•70 

+ 

5-60 

•36 

+ 

272 

100^00 

Nil. 

•10 

+    8-68 

•76 

+ 

5^54 

•40 

+ 

267 

•05 

0-06 

•16 

+    8-62 

•80 

+ 

5-49 

•46 

+ 

2^61 

•10 

_ 

0^10 

•20 

H-  e-46 

•85 

+ 

5^43 

97-60 

+ 

2-56 

•15 

_ 

0-16 

•26 

+    840 

•90 

+ 

5-87 

-56 

+ 

2-51 

•20 

— 

0-20 

•80 

+    8-84 

•96 

+ 

631 

-60 

+ 

246 

-25 

_ 

026 

•86 

+    8-29 

9600 

+ 

526 

•65 

+ 

2^40 

•80 

... 

080 

•40 

+    828 

•05 

+ 

5^20 

•70 

+ 

{^•85 

•35 

— 

0^86 

•46 

+    8-17 

•10 

+ 

6^15 

-76 

+ 

2^80 

•40 

. 

040 

9260 

+    8-11 

•15 

+ 

509 

-80 

+ 

2-26 

•46 

.. 

045 

•66 

+    8-06 

20 

+ 

5^04 

-86 

+ 

2-20 

100-60 

. 

060 

•60 

+    7-99 

•25 

■f 

4^98 

•90 

+ 

216 

•66 

- 

066 
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Meter  Beffiitering 

Meter  BeffislieriBg 
lOOFeet. 

^•^ogier* 

Meter  BeffiBteriog 

Reading 
ofSoAle 

Amoant 

ol 
Error. 

Reading 
of  Scale 

Amoant 

of 
Error. 

olSoale 

Amount 

of 
Error. 

Reading 
of  Scale 

Amoant 

of 
Error. 

OfOM- 

holder. 

of  Gas- 
holder. 

of  Gas- 
holder. 

of  Gas- 
holder. 

Feet. 

Per  Cent. 

Feet. 

Percent. 

Feet. 

Per  Cent. 

Feet. 

Per  Cent. 

KX)'60 

-    0-60 

108-26 

-     816 

106-90 

-     6  67 

108-56 

-    7^88 

•65 

-    0-66 

•80 

-     8^19 

-95 

-    6-62 

•60 

-     7^92 

•70 

-    0-70 

-86 

-.     8-24 

106^00 

-    666 

•66 

-    7-96 

•76 

-    0-76 

•40 

-     8-29 

•05 

-    6^71 

-70 

-     8-00 

•80 

-    0^79 

-46 

-     8^84 

•10 

-    6-76 

•76 

-     8-06 

•86 

-    0^84 

108-60 

-    8^38 

•16 

-    5-80 

-80 

-    809 

•90 

-    0-89 

•66 

-     8-48 

•20 

-     6-84 

-85 

-     8-13 

•96 

-    0-94 

•60 

-    8-47 

•25 

-    5-88 

•90 

-     8-17 

101-00 

-    0-99 

-66 

-     8-62 

•80 

-    6-98 

•96 

-     8-22 

•06 

-     1-04 

•70 

-     8^67 

•86 

-    6-98 

10900 

-     8-26 

•10 

-     109 

•76 

-     8-61 

•40 

-    6-02 

•05 

-    8-80 

•16 

-     1-14 

•80 

-     8-66 

•46 

-    606 

•10 

-    8-34 

•20 

-     1^19. 

•86 

-    8-71 

106-50 

-    6^10 

•16 

-    8-38 

•26 

-     1-24 

•90 

-    8-75 

•66 

-    6-15 

•20 

-    8-42 

•80 

-     1-28 

•96 

-     8-80 

•60 

-    6^19 

•25 

-     8-47 

•86 

-     1^83 

104-00 

-    8^85 

•66 

-     6^24 

•80 

-    8^51 

•40 

-     1^88 

•06 

-     8^90 

•70 

-    6-28 

•85 

-    8-56 

•46 

-     1-48 

•10 

-     8-94 

•76 

-    6-83 

•40 

-    8-69 

101-60 

-     1-48 

•16 

-     8-99 

•80 

-    6-87 

•45 

-     8-64: 

•66 

-     1-68 

•20 

-     403 

•85 

-     6-41 

109-50 

-     8-68 

•60 

-     1-67 

•26 

-     408 

•90 

-     6-45 

•56 

-    8-72 

•66 

-     1-62 

•80 

-     4-12 

•95 

-    6-60 

•60 

-    8-76 

•70 

-     1^67 

•85 

-     4- 17 

107-00 

-    6-54 

•66 

-    8-80 

•76 

-     1-72 

•40 

-     4-21 

-05 

-     6-59 

•70 

-     8-84 

•80 

-     1^77 

•46 

-     4-26 

•10 

-     6-68 

•75 

-     8-89 

•86 

-     182 

104-60 

-     4-81 

•16 

-     6-68 

•80 

-    8-9S. 

•90 

-     1^87 

•66 

-     4-86 

-20 

-     6-72 

•86 

-    8-97 

•96 

-     1^91 

•60 

-     4-40 

•26 

-     6-76 

•90 

-     9-01 

102^00 

-     1^96 

•65 

-     4-46 

•80 

-     6-80 

•96 

-     9-05. 

•06 

-    201 

•70 

-     4-49 

•36 

-    6-85 

IWOO 

-     9-09- 

•10 

-    206 

•76 

-     4-64 

•40 

-     6-89 

•10 

-  9-ia 

•16 

-    210 

•80 

-     4-68 

•46 

-     6-94 

•20 

-    9-26^ 

•20 

-    216 

•86 

-     4^63 

107-60 

-    6-98 

•30 

-    9-34 

•26 

-    2-20 

•90 

-     4-67 

•66 

-    7-02 

•40 

-    9^41 

•80 

-    2-26 

•96 

-     4-72 

•60 

-     706 

•60 

-    9^51 

•86 

-    2-30 

105-00 

-     4-76 

-66 

-     7-11 

•60 

-    9-69' 

•40 

-     2-84 

•06 

-     4-81 

•70 

-    716 

•70 

-    9-67 

•46 

-    2-89 

•10 

-     4-86 

•76 

-    7-20 

•80 

-    9-76 

102-60 

-     2-44 

•16 

-     4-90 

•80 

-     7-24 

•90 

-    9-88 

•66 

-     2/49 

•20 

-     4-94 

•85 

-    7-28 

111^00 

-    9-91 

•60 

-     2-68 

•25 

-     4-99 

•90 

-    7-32 

•10 

-    9-9» 

•66 

-    2-68 

•80 

-     6-08 

•95 

-    7-87 

•20 

-  1007 

•70 

-     2^68 

•85 

-     6*08 

10800 

-     7-41 

•80 

-  10- 16 

•76 

-     2-68 

•40 

-     6-12 

•05 

-     7-45 

•40 

-  10-23 

•80 

-     2-72 

•46 

-    6-17 

•10 

-     7-49 

•60 

-  10-31 

•86 

-     2-78 

105-50 

-     5-21 

•15 

-    7-54 

•60 

-  10-39. 

•90 

-     2^82 

•66 

-     5-26 

•20 

-     7-58 

•70 

-  10-47 

•96 

-     2-87 

•60 

-     6-80 

•26 

-     7-62 

•80 

-  10-66 

108-00 

-     2^91 

•66 

-    6-85 

•80 

-     7-66 

-90 

-  10-68 

•06 

-     2^96 

•70 

-    5-89 

•86 

-     7-71 

11200 

-  10-71 

•10 

-    801 

•76 

-    6-44 

•40 

-     7-76 

•10 

-  10-7» 

•16 

-     8^06 

-80 

-     6-48 

•46 

-    7-79 

•20 

-  10-87 

•20 

-     8'10 

•85 

-    5-58 

108^6O 

-    7^83 

•80 

-  l0-9ft 
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NoTB. — Any  other  quantity  may  be  caloolated  by  the  role  of  propor- 
tion, thus : — 

Meter  registering 100*00  feet 

Beading  of  scale  of  test  gasholder.     .       89*95  „ 

DiJSerence 10*05  „ 

89*95  :  100  :  :  1005  :  11-17  fast. 

And  Meter  registering 100*00  feet 

Beading  of  scale  of  test  gasholder.     •     112*55  „ 

Difference 12*55  „ 

112*55  :  100  :  :  12*55  :  11*15  slow. 

TABLE 

Showing  the  Dilatation  of  Gas  in  Contnct  with  Water  and  Saturated 
with  Aqueims  Vapour ^  for  given  Tetnperature,     ( Professor  Airey, ) 

(Used  in  making  Correotions  for  Temperatnre  in  the  Testing  of  Gas  Meters.) 


Percentage 

Temperatnre 
in  Fahrenheit's 

Percentage 

Temperatnre 

Percentage 

in  Fahrenheit's 

of 

of 

of 

Scale. 

Dilatation. 

Scale. 

Dilatation. 

Scale. 

Dilatation. 

81-40 

0 

64*88 

6i 

74-80 

11 

88*54 

i 

66-24 

6 

76-94 

111 

86-70 

1 

68*12 

ei 

77*28 

12 

87-84 

u 

60-02 

7 

78-81 

12ik 

89-91 

2 

62-00 

7J 

80-40 

18 

4206 

2i 

68-77 

8 

81-94 

m 

44-17 

8 

66-68 

8i 

88*44 

14 

46-22 

8i 

67-48 

9 

84-88 

144 

48-26 

4 

69-18 

9i 

86-89 

16 

60-82 

4i 

70-90 

10 

87-88 

164 

62-86 

6 

72-60 

101 

89-20 

16 

NoTB.— The  table  shows  the  percentage  of  increase  of  the  volume  of  gas  above  its 
volame  at  the  temperature  of  81*4^  Fahr. 


INTERNAL    FITTINGS. 

The  advantages  of  an  ample  supply  of  good  and  pure  gas  are  fre- 
qnently  neutralized  by  the  defective  manner  in  which  premises  are 
fitted  internally. 

Bad  gas-fittings  are  generally  the  result  of  cupidity  or  ignorance. 
They  are  a  common  cause  of  complaint  firom  consumers,  who  are  often 
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ready  to  attribute  the  ine£Soient  light  which  they  afford  to  a  want  of 
pressure  or  purity,  or  a  low  illuminating  power  in  the  gas. 

In  the  matter  of  internal  fittings,  the  gas  manager,  by  judgment 
and  tact,  can  exercise  a  useful  supervision  even  without  the  aid  of 
statutory  powers ;  and  his  advice  in  regard  to  the  sizes  of  pipes,  and 
the  kind  of  burners  and  lamps  to  be  used  in  different  situations,  will 
generally  be  accepted  and  acted  upon. 

The  following  regulations  (with  such  additions  and  modifications  as 
may  be  found  necessary)  may  be  adopted  with  advantage  by  gas 
Authorities. 

Eegulations  as  to  Internal  Fittings. 

1.  The  Company's  (or  Local  Authority's)  servants  will  in  all  cases 
lay  on  the  service-pipe,  conveying  the  same  through  the  outer  wall  of 
the  premises  to  be  supplied  with  gas. 

2.  The  main-cock  must  be  attached  to  the  end  of  the  service-pipe 
within  the  building,  and  close  to  the  outer  wall. 

8.  The  gas  meter  must  be  placed  perfectly  level,  either  on  the  floor 
or  on  a  substantial  support,  and  within  2  ft.  6  in.  of  the  main-cock. 

4.  The  piping  attached  to  the  meter,  whether  inlet  or  outlet,  must 
not  be  smaller  in  internal  diameter  than  that  of  the  meter  unions. 

5.  The  following  are  the  sizes  of  the  meters,  and  their  measuring 
capacity,  from  which  the  number  of  lights  which  they  supply  can  be 
readily  calculated : — 


Size  of 
Meters. 

2-light 

8  „ 

5  „ 

10  „ 

16  „ 

20  H 

80  „ 

60  „ 

60  „ 

80  „ 

100  „ 

160  „ 

aoo  „ 

260  „ 

800  „ 

400  M 

600  „ 

600  ,. 


Sise  of 

Inlet  ftnd 

Outlet. 

Inches. 

.  I     . 

.  1 

.  1 

.  li     . 

.  11     . 

.  U     . 

.  II     . 

.  IJ     . 

.  2 

.  8 

.  8      . 

.  4 

.  4 

.  4 

.  6      . 

.  6 


Measuring 
Capacity  per 
Revolution. 
Cabio  Feet. 


I 
h 
f 

1 

U 

2i 

8 

4 

6 

7i 
10 
12i 
16 
90 
26 
80 


Measoring 
Capacity  per 

Hour. 

Cubic  Feet 

12 

18 

80 

60 

90 

120 

180 

800 


480 
600 
900 
1200 
1600 
1800 
2400 
8000 
8600 
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To  ascertain  the  nmnber  of  lights  which  any  size  of  meter  will 
supply,  diyide  the  measuring  capacity  per  hour  by  the  quantity  of  gas 
per  hour  which  each  jet  is  estimated  to  consume.  Example  :  What 
number  of  lights,  consuming  4  cubic  feet  of  gas  per  hour,  will  a 


20-light  meter  supply? 


120 
Then,  ^-  =  80  lights. 


6.  The  following  are  the  sizes  and  lengths  of  iron,  lead,  or  compo- 
sition tubes  to  be  used  according  to  the  number  of  ordinary  lights: — 


Internal  Diameter 

ol  Tubing. 

Inches. 

I 

i 

I 

•    f 

1 

li 
li 
2 


Greatest  Length 

allowed. 

Feet. 


30 
40 
50 
70 
100 
150 

aoo 


Greatest  Na 
of  Burners 
allowed. 
8 
6 
12 
20 
35 
60 
100 
.      200 


Tubing  of  |-inoh  bore  is  not  allowed  to  be  need. 

7.  The  tubes  or  pipes  must  be  laid  with  proper  fall,  and  in  such  a 
manner  that  they  are  easily  accessible,  and  protected  from  liability  to 
damage.  Attention  is  to  be  given  to  leaving  a  space  round  them  at 
such  places  as  wall  crossings,  &c.,  where  fracture  or  crushing  of  the 
pipes  might  be  caused  by  the  subsidence  of  the  building.  The  joinings 
of  the  tubes  and  pipes  are  to  be  made  in  the  most  solid  and  substan- 
tial manner ;  and  careftilly  rounded  bends  (not  elbows)  are  to  be  used 
wherever  the  direction  of  a  pipe  is  changed. 

8.  Floor  boards  covering  pipes  must  be  secured  with  screws,  so  that 
they  may  be  easily  removed  to  afford  access  to  the  pipes,  especially  at 
the  points  of  connection. 

9.  On  the  completion  of  the  work  of  fitting,  and  before  the  piping  is 
covered  up,  notice  thereof  must  be  given  in  writing  to  the  gas  manager 
(the  requisite  form  for  that  purpose  being  obtained  at  the  gas  office), 
who  will  cause  an  inspection  to  be  made  of  the  work,  and  if  found  in 
accordance  with  the  regulations  herein  contained,  it  will  be  passed  by 
the  Company  (or  Local  Authority),  and  the  gas  turned  on. 

10.  If  the  regulations  are  not  conformed  to  in  every  respect,  the 
Company  (or  Local  Authority)  reserve  the  right  to  refuse  a  supply  of 
gas  until  the  necessary  alterations  are  made. 

11.  Gas-fitters  complying  with  these  regulations  have  their  names 
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registered  on  the  Company's  (or  Local  Anthority's)  list  of  approved 
fitters,  and  they  are  at  liberty  to  designate  themsdves  '<  Authorized 
Oas-Fitters/'  Bepeated  negligence  will  cause  the  license  to  be  with* 
drawn. 


A  handy  and  useful  apparatus  for  testing  the  soundness  of  gas- 
fittings,  has  been  devised  by  Harrison  and  Sheard.  It  consists  of  a 
small  force  pump  and  a  King's  pressure-gauge,  in  which  mercury  is 
employed  instead  of  water ;  the  two  being  connected  together  on  one 
base  board,  and  provided  with  a  coupling  for  ready  attachment  to  the 
fittings  to  be  tested. 

To  use  the  apparatus,  air  is  forced,  by  means  of  the  pump,  into  the 
fittings  until  the  pressure  therein  is  equivalent  to,  say,  12  inches  of 
water,  as  indicated  on  the  dial  of  the  gauge.  The  pump  is  then  shut 
off  by  means  of  a  stopcock,  and  it  is  noted  whether  the  pressure  is 
maintained  or  falls  away.  If  the  pointer  remains  stationary,  the 
fittings  are  sound ;  while  if  it  goes  back,  there  is  a  leakage. 

To  fEuulitate  the  discovery  of  leakages,  gas  may  be  forced  into  the 
fittings,  by  connecting  an  inlet  pipe  on  the  pump,  by  means  of  India* 
rubber  tubing,  with  any  convenient  gas  supply  ;  when  the  gas  escaping 
through  the  defective  fittings  at  a  high  pressure,  enables  the  locality 
of  the  leakages  to  be  readily  discovered. 

Ordinary  sitting  rooms  are  best  lighted  by  means  of  a  central 
chandelier.  When  the  room  is  of  large  dimensions,  wall  brackets  may 
be  added.  A  bracket  at  each  side  of  the  mantelpiece  has  a  tasteful 
appearance,  and  lights  are  handy  in  that  position. 

The  jets  of  chandeliers  and  brackets  should  be  not  less  than  86  inchea 
from  the  ceiling. 

A  tea-spoonful  of  salad  oil  added  on  the  top  of  the  water  in  the  tube 
of  a  water-slide  pendant,  tends,  in  a  great  measure,  to  prevent  or  retard 
evaporation  of  the  water. 

Burners  arranged  in  the  horizontal  position  are  not  usually  effective^ 
and  are  not  to  be  recommended  except  on  the  conditions  noted  here- 
after. The  flames  of  such  have  an  unpleasant  pulsatory  or  tremulous^ 
motion,  very  disagreeable  when  fixed  on  a  level  with  or  but  slightly 
above  the  eye  of  the  spectator,  due  to  the  upward  current  of  air  striking 
the  underside. 

The  arrangement  is  bad  for  another  reason — ^viz.,  the  flame  ia 
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prevented  from  reoeiving  its  due  supply  of  oxygen  on  all  sides,  and  as  a 
consequence,  the  combustion  is  imperfect;  bad  illumination,  and  a 
deposit  of  unconsumed  carbon  on  the  ceiling  being  the  result. 

It  is  not,  howeyer,  to  be  assumed  that  lights  placed  in  the  horizontal 
or  the  inclined  position  are  never  effective.    They  can  be  rendered  so 

by  causing  the  tails  of  the  flames  to 
impinge  one  upon  the  other,  and  by 
making  provision  in  the  construction  of 
the  pendant  for  the  air  current  to  play 
upon  the  upper  surface  of  the  flame. 

The  question  of  the  efficient  ventila- 
tion  of  rooms  where  gas  is  being  con- 
sumed is  one  of  importance  both  to  the 
gas  producer  and  the  user.  The  subject 
has  been  a  comparatively  neglected  one, 
although  it  deserves  to  occupy  greater 
prominence. 

Ventilating  globe  and  other  lights  of 
various  designs  have  been  introduced  by 
Sugg,  Cowan,  Bray,  Strode,  Wenham 
(whose  lamp  is  also  regenerative),  and 
other  makers,  with  highly  satisfactory 
results.  Fig.  141  shows  Cowan's  venti- 
lating globe  light;  and  Fig.  142,  the 
ventilating  sunlight  as  made  by  Strode. 
Oas  burners  are  made  with  a  precision 
unknown  in  the  earlier  days  of  gas 
lighting,  and  great  improvements  hav& 
been  effected  in  their  construction. 

The  old  iron  burner,  which  at  one  time 
was  generally  in  use,  robbing  the  flame 
of  a  proportion  of  its  heat,  has  been  supplanted  by  those  made 
either  wholly  from  steatite,  lava,  enamel,  or  other  refractory  non- 
conducting material,  or  tipped  with  these  substances. 

These  are  not  only  more  efficient  in  action,  but  they  are  less  subject 
to  blocking,  and  they  are  more  durable. 

The  burners  made  by  Oeo.  Bray  &  Go.  are  so  well  known  as  to  need 
no  recommendation,  their  merits  being  universally  recognized  ;  but  it 
is  only  fiEur  that  the  important  services  which  these  makers  have> 
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rendered  to  the  gas  industry  in  this  and  other  departments  should  be 
freely  acknowledged. 

Shades,  moons,  or  globes,  as  they  are  variously  named,  have  kept 
pace  with  the  improvements  in  burners,  being  constructed  not  only 
of  better  and  purer  materials  than  formerly,  but  according  to  scientific 
principles. 

At  one  time  they  were  invariably  made  with  the  bottom  openings 
about  2  inches  in  diameter ;  the  effect  being  to  direct  the  current  of 
air  upon  the  flame,  lowering  the  temperature,  impairing  the  illumina- 
ting effect,  and  causing  an  unpleasant  flickering. 

These  have  given  place  to  globes  with  openings  at  least  4  inches  m 
diameter,  whereby  the  foregoing  defects  are  entirely  obviated,  whilst 
the  concave  sides  also  act  as  reflectors  of  the  light  in  the  downward 

direction,  especially  below  45^  from 
the  horizontal.  As  Professor  Lewes 
points  out:"^  ''In  order  to  gain  any 
true  idea  of  illuminating  effect,  it  is 
necessary  to  take  the  light  emitted 
over  all  the  working  angles,  and  not 
on  the  horizontal  plane.'* 

Olobes  made  of  good  and  suitable 
materials,  and  untinted,  diffuse  the 
light  without  seriously  obstructing  it, 
even  when  the  test  is  applied  on  the 
horizontal  plane.  This  is  particularly  noticeable  with  the  '*  holophane  " 
globe  recently  introduced,  and  with  the  pure  white  opal  globes. 

For  estimating  (approximately)  the  number  of  burners  required  to 
light  churches,  public  halls,  and  other  large  buildings,  divide  the  floor 
area  in  feet  by  60,  and  the  quotient  will  be  the  number  of  flat-flame 
burners,  consuming  16-candle  gas,  required  for  effective  lighting. 


Fio.  142. 


Thus :  A  room  is  80  ft.  long  and  56  ft.  wide. 
Then,—  80  x  56  =  4480  sq.  ft.  area,  and 
4480 


60 


=  74  burners  consuming  5  cubic  feet  of  gas  per  hour  each. 


The  Welsbach  system  of  incandescent  gas-lighting  marks  a  notable 
advance  in  artificial  illumination.  The  Welsbach  lamp  consists  of  a 
Bunsen  burner,  over  which  is  suspended  a  mantle,  composed  of  a 


Cantor  Lecture.  Sooiety  of  Arts,  delivered  Nov.  80. 1896. 
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textile  filament  coated  with  certain  rare  refractory  oxides.  On  lighting^ 
the  burner,  the  textile  portion  is  consumed,  leaving  the  refractory 
portion  in  position,  and  this  at  once  becomes  incandescent,  giving 
out  a  strong  steady  light.  The  fragility  of  the  mantle  was  a  hindrance 
to  its  early  adoption,  but  this  has  proved  to  be  less  of  d  drawback  than 
was  at  first  anticipated,  as  is  shown  by  the  fact  of  the  wide  application 
of  the  system.  The  saving  of  gas  that  is  effected  by  its  nse,  the 
increase  in  illmninating  effect,  and  the  comparative  coolness  of  the 
light,  with  other  advantages,  have  earned  for  it  a  deserved  reputation. 

To  obtain  the  maximnm  of  light  from  a  bnmer,  the  pressure,  when 
that  is  in  excess  in  the  mains,  as  it  must  necessarily  be,  should  be  con- 
trolled and  regulated  in  the  passage  of  the  gas  to  the  point  of  ignition. 

This  cannot  be  accomplished  satisfactorily  by  checking  either  the 
taps  on  the  fittings,  or  the  stopcock  at  the  meter,  because  there  is  a 
continual  variation  of  pressure  according  to  the  consumption  that  is  in 
progress. 

The  house  governor  or  regulator  was  invented  to  achieve  that  end. 
It  may  be  fixed  on  the  pipe  leading  from  the  meter  outlet,  or  what  is 
better,  on  the  principal  pipe  supplying  each  floor  level  of  the  premises. 

The  regulator  is  automatic  in  its  action ;  and  when  weighted  to 
afford  the  required  pressure  for  all  the  burners  in  use,  it  will  continue 
to  give  a  practically  uniform  supply,  however  much  the  pressure  in 
the  mains  may  vary,  or  whether  the  whole  or  only  a  portion  of  the 
burners  being  supplied  through  it  may  be  alight  at  one  time.  Sugg*s 
regulator  burner,  Peebles's  *< Needle"  governor  burner,  and  the 
«  Acme  *'  regulating  burner  of  Wright,  are  examples  of  regulation 
applied  close  to  the  point  of  consumption. 

It  is  a  clearly  established  fact  that  the  lower  the  pressure  (provided 
there  is  just  sufficient)  at  which  gas  can  be  burned,  the  better  the 
light.  If,  instead  of  being  advantageously  consumed,  the  gas  is  forced 
through  the  burners  into  the  atmosphere^  the  carbon  is  rapidly  oxi- 
dized by  the  excess  of  air  drawn  into  the  flame  by  the  heavy  pressure,, 
with  the  usual  unsatisfactory  results  as  regards  illumination. 

Dr.  Letheby  found  that  a  vulcanized  india-rubber  tube  of  about 
80  ft.  in  length,  reduced  the  power  of  a  weak  gas  to  the  extent  of  nearly 
25  per  cent.,  by  absorbing  the  illuminating  hydrocarbons. 
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Varnish  to  Prevent  tlie  Escape  of  Gas  through  India-Rubber  Tubing. 

li  parts  treacle. 

2       „    gum  arable. 

7       ,,     white  wine. 

8^     M    strong  alcohol. 
First  dissolve  the  treacle  and  gum  in  the  white  wine,  and  afterwards 
add  the  alcohol  very  slowly,  constantly  stirring  the  mixture  to  prevent 
the  gum  from  being  thrown  down. 

LEAD    AND    COMPOSITION     PIPES    FOR    GAS. 

Weights  per  Yardt  and  LengHis  usualltj  Manufactured, 


Light. 

Hbavy. 

Weight 

Lengths  of 

Weight 

Lengths  of 

Diunetfer 

-fSd. 

Bandies 

Diameter 

Ta^. 

Bandies 

Inside. 

nsnally 

Inside. 

usaally 

Ibl.  oz. 

Mumfaotared. 

lbs.  OS. 

liana  faotared. 

i  inob.     . 

oiu 

.     .    80  yurds. 

i  inob.     .     . 

0  15 

.     67  yards. 

i    n 

1    2 

.    60 

8    .. 

1    6ft 

.     46      „ 

i    M 

2    0 

.    82 

ft    .         . 

2  10 

.     16 

f 

1         M 

2    4 

.    25 

«    » 

8    0 

.     20 

f 

1         rf 

8    8 

.    28 

I    ,. 

8  12 

.     19 

1               M 

4    8 

.    26 

1      ', 

6    0 

.     .     20 

li         M 

8    0 

.     16 

U  ,. 

10    0 

.     12 

U    t> 

12    0 

.     10 

u  „ 

14    0 

.      9 

2     „ 

18    0 

.      5 

2      .         . 

.    21    0 

.     .       5 

» 

BRASS    TUBE,    PLAIN— WEIGHT    PER    FOOT. 


Diameter.  Weight. 

Inches.  lbs.       os. 

l-4th -08  or  1-28 

6-16thf 15      2*40 

B'8tb8 19      8*04 

7-16tbB -21      8-86 

l-balf -25      400 

9-16th8 -81      4-96 

5-8tbB 87      5-92 

8-4tbB '43       6*88 


Diameter.  Weight. 

Inches.  Ihs.        os. 

7-8th8 MorSHX) 


linob 

H:: 
I*: 

2ft    n 

8    „ 


•81 
100 
1-12 
1-25 
1-50 
1-87 


9-44 
12-96 
1600 
17-92 
20-00 
24-00 
29-92 


'The  size  of  brass  and  copper  tube  is  measured  by  the  outside  diameter. 

BRASS    TUBE,   SPIRAL  AND    FLUTED— WEIGHT 

PER    FOOT. 


Spiral, 

Plated. 

Spiral, 

Flnted, 

Diameter. 

Weight. 

Weight. 

Weight. 

Weight. 

Inches. 

oz. 

OS. 

Inches. 

OS. 

OS. 

^^tbs     .     . 

.     .     8      . 

.     .     .     2f 

8^ths .     . 

.     .     «      . 

.     .     .    6 

7-16tb8  .     . 

.     .     8J     . 

.     .     8J 

7^tb8 

.     .    7i    . 

.     .     .     7 

1-half     .     . 

.     .     8f     . 

.     .     8ft 

1  inob      . 

.     .     9      . 

.     .    8 

9.16th8  .     . 

.     .     4J     . 

.     .    4 

U„ 

.     .  12      . 

.     .  11 

£-8thB     .     . 

.     .     5      . 

.     .     6 

1ft  M 

.     .  15      . 

.     .  14 
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SOLDERS. 

Fine  Solder  is  an  alloy  of  2  parts  of  block  tin  and  1  of  lead  (melts 
at  860°  Fahr.).  This  is  used  for  fine  work — snob  as  soldering  the 
drams  of  meters,  for  pewter,  &o. 

Glazing  Soider. — Equal  parts  of  block  tin  and  lead.  Used  for 
lead. 

Plumbing  Solder. — 1  part  block  tin,  2  lead.  For  all  kinds  of 
plnmbers'  joints  and  for  tin  and  zinc. 

Solder  for  Copper. — Hard :  8  parts  brass,  1  zinc.  Soft :  8  brass, 
1  zinc. 

Brazing  Solder  or  Spelter. — Hard :  1  part  copper,  1  zinc.  Soft : 
4  parts  copper,  8  zinc,  1  block  tin.  For  fine  brass  work :  1  part  silver, 
8  copper,  8  zinc. 

Solder  for  Steel. — 19  parts  silver,  8  copper,  1  zinc. 

Pewterers*  Soft  Solder. — 2  parts  bismuth,  4  lead,  8  tin.  Com- 
mon :  1  part  bismuth,  1  lead,  2  tin. 

FLUXES    FOR    SOLDERING. 

Iron  and  steel Borax  or  sal  ammoniac. 

Tinned  iron Eesin  or  chloride  of  zinc. 

Copper  and  brass     ....  Sal  ammoniac  or  chloride  of  zinc. 

Lead  and  composition  pipes  Besin  and  sweet  oil. 

Zinc Chloride  of  zinc* 

FOR    TINNING    BRASS    OR    IRON. 

\  oz.  muriatic  acid. 
^  oz.  mercury. 
\  oz.  ground  block  tin. 
Mix  together,  and  dilute  the  whole  with  a  small  quantity  of  cold 
water.    Apply  witl^  the  finger  or  a  cork. 

BRAZING. 

The  edges  ov  the  articles,  either  iron  or  brass,  to  be  brazed  are 
scraped  thorou^y  clean,  covered  with  the  brazing  solder  or  spelter  in 
the  form  of  bcpngs  or  turnings  sprinkled  over  with  powdered  borax, 
and  exposed  v^  the  heat  of  a  dear  fire  till  the  solder  flows.  A  smoke- 
less coke  or  fgas  fire  is  best  for  the  purpose.  In  brazing  iron,  a 
covering  of  l^m  is  sometimes  placed  over  the  solder,  to  exclude  the 
air,  till  it  m^ts. 
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BRONZE. 

1  quart  common  vinegar. 

2  ozs.  sal  ammoniac. 

1  oz.  blue  stone  (solphate  of  copper). 

The  sal  ammoniac  and  blue  stone  are  well  pounded,  and  then 
allowed  to  dissolve  in  the  vinegar.  The  solution,  when  ready,  is  laid 
on  with  a  common  brush,  black-leaded  whilst  damp,  and  then  polished. 
Lacquer  is  then  applied  as  described  hereafter. 

Oreen  Bronze, 
To  imitate  the  antique. 

1  quart  common  vinegar. 

2  ozs.  verdigris, 

1  oz.  sal  ammoniac. 
Boil  for  a  quarter  of  an  hour,  filter  through  paper,  and  dilute  with 
water.    Immerse  the  article  to  be  bronzed  until  it  acquires  the  green 
tinge  desired ;  then  wash  carefully,  and  dry  in  sawdust. 

Bronze  Powders, 
These  can  be  purchased  from  any  dealer  in  artists'  material.    They 
are  prepared  as  follows  : — 

Copper  Bronze  Powder, 
Strips  of  copper  are  dissolved  in  nitric  acid  in  a  glass  vessel,  and 
then  strips  of  iron  are  added,  when  the  dissolved  copper  is  precipitated 
in  the  form  of  a  very  fine  powder.    This  powder  is  washed  with  water 
and  dried,  and  is  then  ready  for  use. 

Oold  Bronze  Powder^  or  Aurum  Mosaiisum, 
Is  the  basis  of  many  bronze  powders.    Any  desired  colour  can  be 
produced  by  mixing  it  with  the  common  dry  pigments.    Thus  a  red 
bronze  powder  is  obtained  by  grinding  red  lead  with  it ;  and  a  green 
by  the  use  of  verdigris.    It  is  prepared  in  the  following  manner : — 
One  pound  of  tin  is  melted  in  a  crucible,  and  then  poured  cau- 
tiously into  an  iron  dish  containing  half  a  pound  of  mercury. 
When  cold  it  is  reduced  to  powder,  mixed  with  seven  ounces  of 
flowers  of  sulphur,  and  eight  ounces  of  sal  ammoniac,  and 
triturated  in  a  mortar.    The  mixture  is  then  calcined  in  a 
flask,  which  expels  the  sulphur,  mercury,  and  ammonia,  and 
leaves  a  residuum  in  the  form  and  colour  of  a  bright  flaky  gold 
powder. 
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Size  for  Bronze  Potvdere. 

The  size  is  made  by  boiling  four  ounces  of  gam  animi  to  every 
pound  of  pare  linseed  oil  in  a  flask,  until  the  mixture  is  of  the  con- 
sistency of  cream ;  after  which  it  is  diluted  with  turpentine  as 
required. 

The  article  to  be  bronzed  is  coated,  by  means  of  a  soft  brush,  with 
this  size ;  and  when  nearly  dry,  a  piece  of  soft  leather  is  wrapped  round 
the  finger,  dipped  into  the  powder,  and  rubbed  gently  over  it ;  or  it 
may  be  laid  on  wit];i  a  camel's-hair  pencil,  and  then  left  to  dry 
thoroughly ;  after  which  all  the  loose  powder  is  brushed  off. 

The  bronze  may  also  be  mixed  with  a  strong  solution  of  isinglass, 
and  applied  in  the  moist  state,  like  varnish,  with  a  brush.  This  latter 
mode,  however,  is  not  suitable  for  articles  exposed  to  the  weather. 

For  Silvering  Metals, 
Nitrate  of  silver  10  parts. 
Common  salt      10    „ 
Cream  of  tartar  80    „ 
Moisten  with  water  when  ready  to  apply,  and  lay  the  mixture  on 
with  a  soft  brush. 

LACQUER    AND    VARNISH. 

The  solution  of  spirits  of  wine  and  shellac,  known  as  '<  simple  pale*' 
lacquer,  is  the  basis  of  most  other  lacquers.  The  two  ingredients  in 
their  proper  proportions,  as  stated  overleaf,  are  put  into  ajar  or  bottle, 
and  allowed  to  remain  for  forty-eight  hours,  being  briskly  shaken 
three  or  four  times  during  the  interval.  At  the  expiration  of  the  time 
named,  most  of  the  shellac  will  be  dissolved.  The  mixture  is  then 
carefully  strained  through  filtering  paper,  to  free  it  from  grit  and  other 
foreign  substances,  and  to  remove  any  particles  of  undissolved  shellac 
that  may  remain. 

Different  tints  or  shades,  producing  red,  green,  yellow,  <&c.,  are 
obtained  by  mixing  with  the  pale  lacquer  various  colouring  ingredients, 
such  as  dragon's  blood,  amotto,  gamboge,  turmeric,  saffron,  Ac.  The 
proper  way  of  adding  these  is  to  stir  them  in  a  cup  with  a  small 
quantity  of  the  pale  lacquer,  afterwards  straining  the  whole  through  a 
piece  of  thin  cloth  or  gauze,  and  filtering  if  necessary. 

The  article  to  be  lacquered  is  heated  slightly  by  means  of  a  steam 
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kettle  or  stove ;  or  it  may  be  held  over  a  hot  iron  plate  till  just  as  hot 
as  to  allow  of  its  being  touched  by  the  finger  without  bnming.  The 
heat  nmst  not  be  greater  than  this.  The  lacqner  is  then  applied  with 
a  soft  oamers-hair  bmsh. 

Simple  PaU  Lacquer, 

1  pint  of  spirits  of  wine. 
4  ozs.  of  sheUao. 

Fine  Pale  Lacquer, 

1  pint  of  spirits  of  wine. 
1  oz.  of  pure  white  shellac. 

1  dr.  of  gamboge. 

2  drs.  of  Gape  aloes. 

Fine  Pale  Lacquer^  for  Silvered  or  Tinned  Work. 

1  pint  of  spirits  of  wine. 
1  oz.  of  pure  white  shellac. 

Gold  Lacquer. 

1  pint  of  spirits  of  wine. 
8  ozs.  of  shellac. 

i  oz.  turmeric. 

2  drs.  of  amotto. 
2  drs.  of  saffron. 

Deep  Gold  Lacquer, 

1  pint  of  spirits  of  wine. 
8  ozs.  of  shellac. 
i  oz.  of  turmeric. 
4  drs.  of  dragon's  blood. 


Red  Lacquer. 

1  pint  of  spirits  of  wine. 
4  ozs.  of  shellac. 
4  drs.  of  dragon's  blood. 
1  dr.  of  gamboge. 


1 


OAS  :EKOiKt>&md  and  makacj^bs.  291 

YeUow  Lacquer. 

1  pmt  of  spirits  of  wine. 

2  0Z8.  of  shellao. 

2  dro.  of  gambo^. 
4  drs.  of  Gape  aloes. 

Chreen  Lacquer  for  Bronze. 

1  pint  of  spirits  of  wine. 
4  ozs.  of  shellac. 
4  drs.  of  turmeric. 
i  dr.  of  gamboge. 

Iron  Lacquer. 

1  qaart  of  turpentine, 
fib.  of  pitch. 

2  ozs.  of  shellac. 

To  Clean  Old  Brass  Work  for  Lacquermg, 

Boil  a  strong  lye  of  wood  ashes,  and  strengthen  with  soap  lees  ;  put^ 
in  the  brass  work,  and  the  old  lacquer  will  come  o£f.  Next  dip  it  in  a 
solution  of  nitric  acid  and  water  strong  enough  to  remove  the  dirt  ; 
5ra8h  it  immediately  in  clean  water ;  dry  well,  and  lacquer. 

Varnish  for  Iron  Work. 

Boil  a  quantity  of  gas  tar  for  four  or  five  hours,  till  it  runs  as  th» 
as  water ;  add  one  quart  of  turpentine  to  a  gallon  of  the  tar,  and  boil 
another  half  hour.     Apply  the  varnish  whilst  hot. 

Golden  Varnish. 

Pulverize  1  drachm  of  saffiron  and  ^  a  drachm  of  dragon's  blood,  and 
put  them  into  1  pint  of  spirits  of  wine.  Add  2  ounces  of  gum  shellac 
and  2  drachms  of  Soccotrine  aloes.  Dissolve  the  whole  by  gentle  heat. 
Yellow  painted  work,  varnished  with  this  mixture,  will  appear  almost, 
equal  to  gold. 

Olu£  Cement  to  Resist  Moisture., 

1  part  glue. 
1  part  black  resin. 
i  part  red  ochre. 
Mix  with  the  least  possible  quantity  of  water» 

u  2. 
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COAL  GAS  TESTING  APPLIANCES  AND 
METHODS. 

A  gas  may  have  a  high  illaminaiiDg  power,  and  yet  contain 
imparities  that  ought  to  be  removed.  Parity  is  not  always  in  the 
ratio  of  illuminating  power. 

TESTS   FOR  IMPURITIES. 

The  tests  for  the  detection  of  impurities  in  coal  gas,  after  it  has 
undergone  the  different  processes  of  purification,  are  the  following : — 

Test  for  Ammonia* — Expose  yellow  turmeric  paper  slightly 
moistened  with  water,  or  litmus  paper  first  reddened  by  any  weak 
acid,  to  a  jet  of  unlighted  gas  for  about  a  minute.  If  the  yellow 
colour  of  the  turmeric  be  turned  to  brown,  or  if  the  blue  of  the  litmus 
be  restored,  ammonia  is  present. 

Turmeric  and  litmus  papers  may  be  purchased  at  the  chemist's,  or 
they  can  be  prepared  as  follows : 

Turmeric  Paper. — Six  parts  by  weight  of  spirits  of  wine  are 
added  to  one  of  turmeric  powder  in  a  stoppered  bottle,  and  well 
shaken  up  occasionally  for  three  days.  A  portion  of  the  dear 
fluid  is  then  poured  on  a  plate,  and  pieces  of  unsized  white  filter- 
ing paper  well  soaked  therein.  These  are  then  dried  in  air,  cut 
into  strips  half  an  inch  wide  and  two  inches  long,  and  kept  for 
use  in  a  bottle  away  from  the  light. 

Litmus  Paper. — Six  parts  by  weight  of  water  to  one  of  powdered 
litmus,  shaken  well  together,  allowed  to  stand  for  several  days, 
and  then  filtered.  Pieces  of  white  filtering  paper  are  then 
thoroughly  soaked  in  the  solution,  dried,  and  cut  into  strips, 
which  should  be  kept  in  a  close  stoppered  bottle,  excluded  as 
much  as  possible  from  the  air  and  light.  Should  it  be  desired  to 
redden  the  solution,  add  (after  filtration)  a  small  quantity  of  very 
dilute  sulphuric  acid,  gradually,  drop  by  drop,  until  the  pink  or 
neutral  tinge  is  obtained. 

Test  for  Carlfonic  Acid. — Make  a  solution  of  pure  barytes,  and 
pass  the  gas  through  it.  If  carbonic  acid  be  present,  carbonate  of 
barytes  will  be  precipitated ;  or  pass  the  gas  throagh  clear  lime 
water,  and  carbonate  of  lime  will  be  precipitated. 
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It  may  also  be  deteofeed  by  adding  to  water  impregnated  with  the 
gas  a  few  drops  of  sulphario  acid,  when  minnte  babbles  of  oarbonie 
acid  gas  will  be  rapidly  disengaged. 

Lime  Water  is  prepared  by  agitating  slaked  lime  with  distilled 
water  in  a  bottle  or  other  vessel.    It  is  then  allowed  to  stand 
until  the  excess  of  lime  has  been  deposited,  when  the  dear  liquid 
is  poured  off,  and  filtered  through  filtering  paper. 
Test  tor  Sulphuretted  Hydrogen. — Moisten  a  piece  of  writing- 
paper  with  a  solution  of  acetate  of  lead  in  distilled  water,  and  expose 
it  for  not  less  than  a  minute  to  a  jet  of  unlighted  gas.    If  sulphuretted 
hydrogen  be  present,  the  paper  will  be  browned  or  blackened. 

A  solution  of  nitrate  of  silver  is  a  more  delicate  test  than  the  above. 
This  requires  to  be  kept  in  a  bottle  coated  outside  with  tinfoil,  and 
placed  in  a  drawer  or  other  dark  place  to  protect  it  from  the  influence 
of  the  light. 

Lead  paper  may  be  made  of  white  filtering  paper  soaked  in 
the  acetate  of  lead  solution,  then  dried,  cut  into  slips,  and  kept 
in  a  well-corked  bottle  for  use.    But  the  solution  applied  to  the 
paper  at  the  time  of  making  the  test  is  preferable. 
The  Gas- Works  Glauses  Act,  1871,  Schedule  A,  contains  the  follow- 
ing regulations  in  respect  of  the  apparatus  and  mode 
of  testing  for  this  impurity : — 

Apparatus. — ''A  glass  vessel  (Fig.  148)  con- 
taining a  strip  of  bibulous  paper  moistened  with  a 
solution  of  acetate  of  lead,  containing;  60  grains  of 
crystalized  acetate  of  lead  dissolved  in  one  fluid 
ounce  of  water. 

Mode  of  Testing. — "The  gas  shall  be  i)as8ed 
through  the  glass  vessel  containing  the  strip  of 
bibulous  paper  moistened  with  the  solution  of  the 
acetate  of  lead  for  a  period  of  three  minutes,  or 
such  longer  period  as  may  be  prescribed  ;  and  if 
any  discoloration  of  the  test  paper  is  found  to  have 
taken  place,  this  is  to  be  held  conclusive  as  to  the 
presence  of  sulphuretted  hydrogen  in  the  gas.*'  fio.  I4d. 

Test  tor  Sulphur.— The  sulphur  present  in  gas,  due  to  compoimds 
other  than  sulphuretted  hydrogen,  notably  bisulphide  of  carbon,  is 
estimated  by  burning  a  jet  of  the  gas  at  the  rate  of  one  cubic  foot,  or 


294 


NEWBIGQING'S  HAJ^DBOOK   FOB 


half  a  cubio  foot,  per  hour,  for  24  hours,  from  a 
Leslie  or  other  burner  arranged  within  the  wide 
end  of  a  trumpet  tube  whose  upper  and  smaller 
end  is  inserted  in  a  condenser,  from  the  opposite 
end  of  which  a  tube  carries  off  the  uncondensed 
vapour,  and  creates  a  current  through  the  appa- 
ratus. (See  Fig.  144.)  Through  the  lower  and 
wide  end,  where  the  burner  is  fixed,  a  supply 
of  air,  to  support  combustion,  enters,  carrying 
with  it  the  vapour  of  ammonia  from  liquid 
ammonia  or  pieces  of  the  carbonate  contained  in  a 
suitable  receptacle  surrounding  the  burner.  The 
ammonia  combining  with  the  sulphurous  acid 
from  the  gas-flame,  is  deposited  within  the  con- 
denser as  sulphite  and  sulphate  of  ammonia,  from  which  the  quantity 
of  sulphur  per  100  cubic  feet  of  gas  is  c^culated. 

Mr.  J.  T.  Sheard's  method  of  estimating  carbonic  acid  in  coal  gas 
consists  in  passing  a  definite  volume  of  gas  through  a  solution  of 

(Q 


Fio.  144. 


Fio.  146. 


Fio.  146a. 


barium  hydrate  of  known  strength,  which  absorbs  the  carbonic  acid 
out  of  the  gas ;  the  amount  of  free  hydrate  remaining  after  the 
operation  being  determined  by  titration  with  deci-normal  hydrochloric 
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aoid.    Either  the  volume  or  the  weight  of  impurity  that  has  been 
absorbed  can  thence  be  calculated. 

The  gas  absorpticm  tube  is  of  the  form  shown  in  Fig.  145 ;  the 
straight  part  above  the  bulbs  being  filled  with  glass  beads. 

To  m$ke  a  test,  two  absorption  tubes  e^ve  charged  with  20  or  80 
cubic  centimetres  each,  of  a  barium  hydrate  solution,  the  strength  of 
which  has  been  accurately  determined  by  titration  with  deci-normal 
acid,  and  which  should  be  approximately  of  equal  strength,  with 
the  acid.  The  apparatus  being  connected  up  as  shown.  Fig.  145a, 
500c.c.  of  gas  are  drawn  by  means  of  the  aspirator  slowly  through 
the  liquid,  and  followed  immediately,  without  stopping  the  current, 
by  an  equal  quantity  of  air,  which  is  done  by  slipping  off  the  india- 
rubber  tube  at  the  inlet  of  the  apparatus,  as  the  water  running  from 
the  aspirator  passes  the  mark  of  a  500  c.c.  flask,  and  then  running 
out  a  further  quantity  of  500  c.c.  into  another  flask  held  in  readiness. 
The  bulbs  are  then  washed  down  with  water  free  from  carbonic  acid, 
a  few  drops  of  the  phenol-phthalein  (sufficient  to  impart  a  distinct 
purple  red  colour  to  the  liquid)  added,  and  the  whole  titrated  with 
deci-normal  hydrochloric  acid — the  acid  being  added  a  few  drops  at  a 
time,  with  frequent  agitation  of  the  liquid  until  the  colour  is  destroyed. 
The  amount  of  barium  hydrate  that  has  been  neutralized  is  equivalent 
to  the  amount  of  carbonic  acid  absorbed  from  500  c.c.  of  gas ;  from 
which  the  percentage  of  the  impurity  present,  or  its  weight  per  cubic 
foot  of  gas,  can  be  determined. 

ExAHPLS. — Two  gas  absorption  tubes  charged,  respectively,  with 
80  c.c.  and  20  c.c.  of  barium  hydrate  solution.  One  cubic  centimetre 
of  the  barium  hydrate  having  previously  been  found  by  experiment  as 

N 
equivalent  to  1*09  of  TTL^oid* 

First  Tabe.       Second  Tube. 

Equivalent  of  barium  hydrate  employed     .     .  82*7  c.c.  . .  21*8  c.c. 

^acid  required  to  neutralize  resultant  liquid.  21*6  c.c.  ..  21*4  c.c. 

11-1  c.c.  0'4  c.c. 
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Then,— 

11-6  c.c.  X  00022  grm.  x  100       ^  „„  ^  ,        ,  . ^^ 

-i r^^PTr^Tz =  2-77  per  cent,  by  volume  of  CO, 

0'yi4  grm. 

11-6  c.c.  X  00022  grm.  x  15482  grs.  x  28,815  c.c.  _  ^ 
500  CO.  ■" 

grains  of  GO,  per  cubic  foot  of  gas.'*' 

These  calculations  may  be  shortened  by  employing  the  factor 
0*241  for  percentage  by  volume,  and  1*92  for  grains  per  cubic  foot. 
Thus— 

11-5  x  0-241  =  2-77  per  cent,  by  volume  of  CO, 
11-5  X  1-92    =  22-1  grains  of  CO,  per  cub.  ft.  of  gas. 

A  complete  test  can  be  made  in  fifteen  minutes,  and  perfectly 
accurate  results  obtained. 

The  apparatus  is  equally  applicable  to  the  estimation  of  ammonia 

and  sulphuretted  hydrogen  in  the  gas,  the  former  being  absorbed  by 

sulphuric  acid  of  deci-normal  strength  and  the  latter  by  a  10  percent. 

solution  of  sulphate  of  copper.    When  sulphuretted  hydrogen  is  passed 

into  an  aqueous  solution  of  cuprio  sulphate,  a  precipitate  of  cnpric 

sulphide  is  deposited  and  free  sulphuric  acid  is  formed  in  the  solution, 

previously  neutral.    After  filtering  out  the  precipitate,  the  acidity  of 

the  solution  can  be  determined  by  titration  with  deci-normal  ammonia, 

N 
using  methyl  orange    as    indicator.    Each  cubic  centimetre  of-^ 

ammonia  required  to  neutralize  the  solution  represents  1*48  grains  of 

N 
sulphuretted  hydrogen  per  cubic  foot  of  gas.    Likewise  each  c.c.  of — 

acid  neutralized  by  the  ammonia  in  the  gas  represents  1*48  grains  of 
ammonia  per  cubic  foot  of  gas. 

The  manipulation  of  the  apparatus  is  the  same  as  above  described 
for  carbonic  acid,  and  all  three  impurities  may  be  determined  in  the 
same  sample  of  gas.  For  this  purpose  one  absorption  tube  is  charged 
with  acid  for  absorbing  ammonia,  followed  by  one  containing  cupric 
sulphate  for  sulphuretted  hydrogen,  and  this  by  the  tubes  containing 
barium  hydrate  for  carbonic  acid.     500  c.c.  of  gas  are  drawn  through 

*  It  may  be  explained  that — 

0*0022  grm.  is  the  weight  of  CO,  to  which  1  o.o.  of  —^  aoid  is  eqaivalent. 

0*914  grm.  is  the  weight  of  500  o.o.  of  CO,  Baturated  with  moisture. 
15*432  grs.  is  the  Talae  of  1  gramme. 
28,315  0.0.  is  the  value  of  1  oabio  foot. 
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the  whole  series,  foUowed  hy  1,000  c.c.  of  air  to  clear  the  apparatus. 
The  subsequent  treatment  will  be  understood  from  what  has  gone 
before. 

Harcouri's  Colour  Test. — This  is  one  of  the  most  useful  apparatus 
in  the  gas  manager*8  laboratory  for  determining  with  ease  and  celerity 
the  amount  of  bisulphide  of  carbon,  sulphuretted  hydrogen,  and  car- 
bonic acid  in  coal  gas.  The  foUowing  is  a  description  of  the  test,  and 
directions  for  its  use. 

Testing  tor  Bisulphide  of  Carbon. — The  arrangement  of  the 
colour  test  is  shown  in  Fig.  146 ;  the  fire-clay  cylinder  being  represented 


Fid.  146. 

by  dotted  lines.  The  bulb,  which  is  filled  with  platinized  pumice,  is  to- 
be  so  adjusted  that  it  may  be  about  an  inch  above  the  burner,  and  m 
the  middle  of  the  cylinder. 

To  use  the  apparatus,  turn  on  first  the  upper  stopcock,  sending  gas 
through  the  bulb  at  the  rate  of  about  half  a  cubic  foot  an  hour,  as  may 
be  judged  by  lighting  the  gas  for  a  moment  at  the  end  of  the  horizontal 
arm,  when  a  flame  about  an  inch  in  length  should  be  produced.  Kaise 
the  cylinder,  which  will  be  supported  by  the  pressure  of  the  wires,, 
light  the  burner,   and  turn  down  the  flame  till  it  forms  a  blue 
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non-lominoas  ring.    Lower  the  cjlinder,  and  place  the  small  clay 
pieces  upon  it  round  the  neck  of  the  bulb. 

A  testing  may  be  made  five  minutes  after  the  bomer  is  lighted, 
except  when  the  apparatus  is  first  used,  when  the  gas  should  be 
allowed  to  flow  through  the  bulb  for  a  quarter  of  an  hour,  or  a  little 
longer,  and  any  number  of  testings  one  after  another  as  long  as  the 
heat  is  continued. 

The  mode  of  testing  is  as  follows : — Lay  a  piece  of  white  paper  on 
the  table  by  the  side  of  the  burner,  and  fix  a  piece  of  cardboard 
upright  in  the  brass  clip ;  the  cardboard  serves  as  a  background 
against  which  to  observe  the  colour  of  the  contents  of  the  glasses,  and 
should  receive  a  side  light,  and  be  as  clear  as  possible  from  shadows. 
Pill  one  glass  (once  for  aU)  up  to  the  mark  with  standard  coloured 
liquid,  and  cork  it  tightly.  Dilute  some  of  the  lead  syrup  with  twenty 
times  its  volume  of  distiUed  water,  and  fill  the  other  glass  up  to  the 
mark  with  a  portion  of  the  liquid  thus  prepared.  Insert  the 
<3aoutchouc  plug  with  capillary- tube  and  elbow- tube,  and  connect,  as 
shown  in  the  figure,  with  the  bulb  and  aspirator,  placing  the  two 
glasses  side  by  side. 

The  aspirator  should  be  full  of  water  at  starting,  and  the  measur- 
ing cylinder  empty.  Turn  the  tap  of  the  aspirator  gradually;  a 
stream  of  bubbles  will  rise  through  the  solution  of  lead.  Turn  off 
the  tap  for  a  minute,  and  observe  the  liquid  at  the  bottom  of  the 
capillary-tube.  If  it  graduaUy  rises,  the  india-rubber  connections 
are  not  air-tight,  and  must  be  made  so  before  proceeding.  Avoid 
pressing  the  plugs  into  the  glass  or  the  aspirator  while  they  are 
•connected,  which  would  drive  up  the  lead  solution  into  the  inlet-tube. 
When  the  connections  are  air-tight,  let  the  water  run  into  the  measur- 
ing cylinder  in  a  slender  stream  until  the  lead  solution  has  become 
AS  dark  as  the  standard.  As  the  ascending  bubbles  interfere  somewhat 
with  the  observation  of  the  tint,  it  is  best  to  turn  off  the  tap  when 
the  colour  seems  almost  deep  enough ;  compare  the  two  ;  turn  on  the 
tap,  if  necessary,  for  a  few  moments,  then  compare  again ;  and  so  on, 
till  the  colour  of  the  two  liquids  is  the  same. 

The  volume  of  water  which  the  measuring  cylinder  now  contains 
is  equal  to  the  volume  of  gas  which  has  passed  through  the  lead 
solution. 

This  volume  of  gas  contained  a  quantity  of  sulphur  as  carbon 
bisulphide  which,  as  lead  sulphide,  has  coloured  the  liquid  in  the  test- 
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glass  up  to  the  standard  tint.  The  standard  has  been  made  saoh  that, 
to  impart  this  tint  to  the  volume  of  liquid,  0*0187  grain  of  lead 
sulphide  must  be  present,  containing  00025  grain  of  sulphur. 
Hence,  supposing  the  measuring  cylinder,  each  division  of  which 
corresponds  to  1 -2000th  cubic  foot»  to  have  been  filled  to  the  80th 
division,  80-2000ths  cubic  foot  of  gas  contained  0*0025  grain  of 
sulphur.  From  this  ratio  the  number  of  grains  of  sulphur  existiag  as 
bisulphide  in  100  cubic  feet  of  the  sample  of  gas  tested  can  easily  be 
calculated. 

The  following  table  gives  the  relation  between  (V)  the  divisions  of 
the  measuring  cylinder  filled  with  water,  and  (S)  the  grains  of  sulphur 
existing  as  bisulphide  in  100  cubic  feet  of  gas.  Since  gas  contains 
besides  carbon  bisulphide,  some  other  sulphur  compounds  which  are 
not  transformed  into  sulphuretted  hydrogen  by  the  action  of  heat,  and 
which  contain  sulphur  amounting  ordinarily  to  7  or  8  grains  in  100 
cubic  feet,  this  quantity  must  be  added  to  that  found  by  the  test,  if  it 
is  wished  to  know  approximately  the  total  amount  of  sulphur. 
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For  the  next  testing, 
•charged.  The  water  in 
the  aspirator. 


the  test-glass  is  to  be  disconnected  and  re- 
the  measuring  cylinders  is  poured  back  into 
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The  colour  of  the  standard  is  onaffeoted  by  exposure  to  h'ght,  but 
deepens  if  the  liquid  is  warmed,  returning  to  its  original  shade  as  the 
liquid  cools.  If,  therefore,  the  glass  containing  the  standard  has  been 
in  a  warm  place,  it  must  be  let  cool  before  testing. 

The  liquid  which  has  been  used  becomes  colourless  after  being 
exposed  to  the  light  for  a  few  hours,  and  may  thus  be  used  over  and 
over  again  for  20  times  or  more,  if  it  is  not  allowed  to  absorb  carbonic 
acid  from  the  air.  The  best  mode  of  working  is  to  have  two  well- 
corked  flasks,  into  one  of  which  the  coloured  liquid  is  emptied  while 
the  glass  is  re-charged  from  the  other. 

Testing  for  Sulphuretted  Hydrogen  and  Carbonic  Acid.  —The 
apparatus  may  also  be  used  without  the  bulb-tube  and  stand  to  test 
the  amount  of  sulphuretted  hydrogen  or  carbonic  acid  in  gas  at  any 
stage  in  its  purification. 

The  gas  is  led  in  this  case  directly  into  the  test-glass,  which  is 
charged  with  lead  solution  for  sulphuretted  hydrogen,  and  with  a 
saturated  solution  of  barium  hydrate  (baryta  water)  for  carbonic  acid. 

When  the  gas  contains  more  than  60  grains  of  sulphur  as  sulphu- 
retted hydrogen  in  100  cubic  feet,  a  smaller  cylinder,  containing 
1  •200th  cubic  foot,  is  used  to  measure  the  volume  of  liquid  run  from 
the  aspirator.  The  divisions  on  the  smaller  cylinder  are  tenths  of  the 
corresponding  divisions  on  the  larger  cylinder ;  therefore  when  it  is 
used  the  numbers  under  8  in  Table  I.  must  be  read  as  whole  numbers 
by  omitting  the  decimal  points. 

To  estimate  carbonic  acid  a  standard  liquid  containing  a  definite 
amount  of  suspended  barium  carbonate  is  used  for  comparison.  The 
glasses  are  placed  side  by  side  on  a  blackened  board  or  piece  of  paper 
and  with  a  black  background  behind  them.  The  passage  of  the  gas 
should  be  interrupted,  and  the  test-glass  slightly  shaken  once  or  twice 
to  wash  down  any  particles  of  carbonate  which  may  cling  to  the  sides 
of  the  glass  above  the  surface  of  the  liquid.  The  standard  should  also 
be  shaken  before  the  comparison  is  made,  in  order  that  the  precipitates 
may  be  in  a  similar  condition.  When  the  two  liquids  are  judged  to 
be  equally  white  and  opaque,  the  volume  of  water  in  the  measuring 
cylinder  gives  the  volume  of  gas  which  has  precipitated  a  known 
weight  of  barium  carbonate.  Table  II.  gives  the  relation  between 
(V)  the  divisions  of  the  large  measuring  cylinder  filled  with  water, 
and  (C)  the  volume  of  carbonic  acid  in  100  volumes  of  gas.     When 
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the  gas  oontains  more  than  *72  per  cent,  of  oarbonio  aoid,  the  smaller 
measuring  cylinder  should  be  asedy  and  the  values  of  (C)  multiplied 
by  moving  the  decimal  point  one  place  to  the  right. 
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After  each  testing  the  glass  and  capillary-tube  should  be  cleaned 
with  a  little  dilute  hydrochloric  acid  and  well  rinsed  with  distilled 
water.  The  turbid  liquid  is  poured  into  a  flask,  which  should  be  kept 
well  corked,  containii^g  an  excess  of  crystallized  barium  hydrate. 
After  the  suspended  precipitate  has  subsided,  the  clear  liquid  is 
poured  off,  or,  if  necessary,  filtered,  into  another  flask,  also  kept  well 
corked,  from  which  it  may  be  poured  iuto  the  test-glass  when  required. 
Care  should  be  taken  not  to  expose  the  solution  to  the  air  longer  than 
necessary. 

Notification  of  the  London  Qas  Referees. — These  instructions 
as  to  the  times  and  mode  of  testing  for  purity  and  illuminating  power 
are  applicable,  primarily,  to  the  Metropolis ;  but,  secondarily,  they 
will  be  found  useful  by  every  gas  manager,  the  description  of  the 
mo4u8  operandi  of  testings,  as  well  as  of  the  appliances,  being  full  and 
precise.     They  are  as  follows : — 

Times  and  Mode  of  Testing  for  Purity.—**  The  testings  for 
purity  shall  extend  over  not  less  than  fifteen  hours  of  each  day,  and 
shall  be  made  upon  ten  cubic  feet  of  gas.    The  gas  shall  be  tested 
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saccessively  for  salphnretted  hydrogen,  ammonift»  and  sfilphar  com- 
pounds other  than  snlpharetted  hydrogen  in  the  manner  hereinafter 
presoribed.  These  testings  mast  be  started  between  9  a.m.  and  5.80 
p.m.,  and  must  be  concluded  before  9  a.m.  on  the  following  morning. 
They  are  concluded  by  the  action  of  an  automatic  lever- tap  attached 
to  the  meter,  which  stops  the  passage  of  the  gas  when  ten  cubic  feet 
have  passed.  A  clock  connected  with  the  lever-tap  is  stopped  at  the 
same  moment,  leaving  a  record  of  the  time;  and  the  tap  of  an 
serorthometev  is  turned,  leaving  a  record  of  the  final  conditions  under 
which  the  gas  was  measured  by  the  meter. 

"  The  liquids  in  the  sulphur  and  ammonia  tests,  and  the  slips  of 
paper  in  the  tests  for  sulphuretted  hydrogen  then  contain  the  sulphur 
and  ammonia  which  were  present  in  the  gas  supplied  to  the  testing 
place  during  the  day  which  ended  at  9  a.m.  The  chemical  examina- 
tion of  these  liquids  may  be  made  on  the  foUowing  day,  that  is  to  say, 
after  9  a.m. 

I.  Sulphuretted  Hydrogen. — "  The  gas  shaU  be  passed  as  it 
leaves  the  service-pipe  through  a  small  governor  and  thence  through 
an  apparatus  (Fig.  147)  in  which  are  suspended  slips  of  bibulous 
paper,  impregnated  with  basic  acetate  of  lead. 

"The  test-paper  from  which  these 
slips  are  cut  is  to  be  prepared  from  time 
to  time  by  moistening  sheets  of  bibulous 
paper  with  a  solution  of  one  part  of  sugar 
of  lead  in  eight  or  nine  parts  of  water, 
and  holding  each  sheet  while  still  damp 
over  the  surface  of  a  strong  solution  of 
ammonia  for  a  few  moments.  As  the 
paper  dries  all  free  ammonia  escapes. 

"  If  distinct  discoloration  of  the  surface 
of  the  test-paper  is  found  to  have  taken 
place,  this  is  to  be  held  conclusive  as  to 
the  presence  of  sulphuretted  hydrogen  in 
the  gas.  Fresh  test-slips  are  to  be  placed 
in  the  apparatus  every  day. 

«  In  the  event  of  any  impurity  being 
discovered,  one  of  the  test  slips  shall  be 
placed  in  a  stoppered  bottle  and  kept  in  the  dark  at  the  testing-place  ; 
the  remaining  slips  shall  be  forwarded  with  the  daily  report. 
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II.  Ammonia. — "  The  gas  wMoh  htLS  been  tested  for  salpharetted 
hydrogen  shall  pass  next  through  an  apparatus  consisting  of  a  ghiss 
cylinder  filled  with  glass  beads,  which  have  been  moistened  with  a 
measured  quantity  of  standard  sulphuric  acid.  A  set  of  burettes, 
properly  graduated,  is  provided. 

<•  The  maximum  amount  of  ammonia  allowed  is  4  grains  per  100 
cubic  feet  of  gas  ;  tmd  the  examination  of  the  liquid  shall  be  made  so 
as  to  show  the  exact  amount  of  ammonia  in  the  gas. 

'*  Two  test-solutions  are  to  be  used — one  consisting  of  dilute 
sulphuric  acid  of  such  strength  that  25  measures  (septems)  will 
neutralize  1  grain  of  ammonia  ;  the  other  a  weak  solution  of  ammonia,. 
100  measures  of  which  contain  1  grain  of  ammonia. 

'*  The  correctness  of  the  result  to  be  obtained  depends  upon  the 
fulfilment  of  two  conditions  : — 

1.  <'  The  preparation  of  test-solutions  haying  the  proper  strength. 

2.  "  The  accurate  performance  of  the  operation  of  testing. 

*^  To  prepare  the  test-solutions  the  following  processes  may  be  used 
by  the  Gas  Examiner : — 

*'  Measure  a  gallon  of  distilled  water  into  a  clean  earthenware  jar,  or 
other  suitable  vessel.  Add  to  this  94  septems  of  pure  concentrated 
sulphuric  acid,  and  mix  thoroughly.  Take  exactly  50  septems  of  the 
liquid  and  precipitate  it  with  barium  chloride  in  the  manner  prescribed 
for  the  sulphur  test.  The  weight  of  barium  sulphate  which  50  septems 
of  the  test-acid  should  yield  is  18*8  grains.  The  weight  obtained  with 
the  dilute  acid  prepared  as  above  will  be  somewhat  greater,  unless  the 
sulphuric  acid  used  had  a  specific  gravity  below  1*84. 

*'  Add  now  to  the  diluted  acid  a  measured  quantity  of  water,  which  ia 
to  be  found  by  subtracting  18*8  from  the  weight  of  barium  sulphate 
obtained  in  the  experiment,  and  multiplying  the  difference  by  726. 
The  resulting  number  is  the  number  of  septems  of  water  to  be  added. 

"  If  these  operations  have  been  accurately  performed,  a  second  pre- 
cipitation and  weighing  of  the  barium  sulphate  obtainable  horn  50 
septems  of  the  test-acid  will  give  nearly  the  correct  number  of  18*8 
grains.  If  the  weight  exceeds  18*9  grains,  or  falls  below  18*7  grains, 
more  water  or  sulphuric  acid  must  be  added,  and  fresh  trials  made,, 
until  the  weight  falls  within  these  limits.  The  test-acid  thus  pre- 
pared should  be  transferred  at  once  to  stoppered  bottles,  which  have 
been  well  drained  and  are  duly  labelled. 
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'<  To  prepare  the  standard  solation  of  ammonia,  measure  out,  as 
before,  a  gallon  of  distilled  water,  and  mix  with  it  50  septems  of  strong 
solation  of  ammonia  (sp.  gr.  0*88).  Try  whether  100  septems  of  the 
test-alkali  thus  prepared  will  neutralize  25  of  the  test-aoid,  proceeding 
according  to  the  directions  given  sabseqnently  as  to  the  mode  of 
testing.  If  the  acid  is  just  neutralized  by  the  last  few  drops,  the  test- 
4Jkali  is  of  the  required  strength.  But  if  not,  small  additional 
-quantities  of  water,  or  of  strong  ammonia  solution,  must  be  added, 
and  fresh  trials  made,  until  the  proper  strength  has  been  attained. 
The  bottles  in  which  the  solution  is  stored  should  be  filled  nearly  full 
and  well  stoppered. 

**  The  mode  of  proceeding  is  as  follows: — Take  50  septems  of  the  test- 
acid  (which  is  greatly  in  excess  of  any  quantity  of  ammonia  likely  to 
be  found  in  the  gas),  and  pour  it  into  the  glass  cylinder,  so  as  to  well 
wet  the  whole  interior  surface,  and  also  the  glass  beads.  Connect 
one  terminal  tube  of  the  cylinder  with  the  gas  supply,  and  the  other 
with  the  meter,  and  make  the  gas  pass  at  a  rate  of  not  more  than  two- 
thirds  of  a  cubic  foot  per  hour.  Any  ammonia  that  is  in  the  gas  will 
be  arrested  by  the  sulphuric  acid,  and  a  portion  of  the  acid  (varying 
with  the  quantity  of  ammonia  in  the  gas)  will  be  neutralized  thereby. 
At  the  end  of  each  period  of  testing,  wash  out  the  glass  cylinder  and  its 
*contents  with  distilled  water,  and  collect  the  washings  in  a  glass  vessel. 
Transfer  one-half  of  this  liquid  to  a  separate  glass  vessel,  and  add  a 
quantity  of  a  neutral  solution  of  litmus,  or  other  indicator  in  ordinary 
use,  just  sufficient  to  colour  the  liquid.  Then  pour  into  the  burette 
100  septems  of  the  test-alkali,  and  gradually  drop  this  solution  into 
the  measured  quantity  of  the  washings  collected,  stirring  constantly. 
As  soon  as  the  colour  changes  (indicating  that  the  whole  of  the 
sulphuric  acid  has  been  neutralized),  read  off  the  quantity  of  liquid 
remaining  in  the  burette.  To  find  the  number  of  grains  of  ammonia 
in  100  cubic  feet  of  the  gas,  multiply  by  2  the  number  of  septems  of 
test-alkali  remaining  in  the  burette,  and  move  the  decimal  point  one 
place  to  the  left. 

<<  The  remaining  half  of  the  liquid  is  to  be  set  aside,  in  case  it 
should  be  desirable  to  repeat  the  volumetric  analysis.  This  portion 
•of  the  liquid  is  to  be  used  in  either  of  the  two  following  cases  :  — 

<<  1.  If  the  analysis  of  the  first  portion  of  the  liquid  show  an  excess 
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of  impnritj,  the  Oas  Examiner  shall  forthwith  give  the  notioe  pro- 
vided for  in  the  Acts  of  Parliament  (The  Gaslight  and  Coke  Company 
Act,  1876,  sect.  40,  and  others) ;  and  if  the  Company  think  fit  to  be 
represented  by  some  officer,  the  second  portion  of  the  liquid  shall  be 
examined  in  his  presence. ' 

"2.  If  the  analysis  of  the  first  portion  of  the  liquid  should 
miscarry,  or  the  Gas  Examiner  have  any  reason  to  distrust  the 
result,  he  shall  be  at  liberty  to  make  an  analysis  of  the  second 
portion,  provided  that  before  doing  so  he  give  notice  to  the  Company 
in  order  that  they  may,  if  they  think  fit,  be  represented  by  some 
officer. 

"Unless  thus  used  it  is  to  be  preserved,  in  a  bottle  properly 
labelled,  for  a  week. 

III.    Measurement  of  Oas  and  of  the  Rate  of  Plow. 

"  The  gas,  which  has  been  tested  for  Sulphuretted  Hydrogen  and 
Ammonia,  shall  pass  next  through  a  meter  by  means  of  which  the 
rate  of  flow  can  be  adjusted,  and  which  is  provided  with  a  self-acting 
movement  for  shutting  off  the  gas  when  ten  cubic  feet  have  passed, 
for  stopping  a  clock  so  as  to  indicate  the  time  at  which  the  testings 
terminated,  and  for  turning  the  tap  of  the  recording  Aerorthometer. 
The  Gas  Examiner  shall  enter  in  his  book  the  time  thus  indicated, 
as  also  the  time  at  which  the  testings  began. 

'*  The  clock  required  is  a  good  pendulum  clock,  with  a  wire  passing 
transversely  through  the  case  behind  the  pendulum.  Outside  the 
case  a  lever  arm  is  clamped  to  the  wire,  so  that  when  liberated  the  arm 
will  drop  and  turn  the  wire.  Inside  the  case  an  arm  is  clamped  to 
the  wire,  and  at  the  end  of  the  arm  a  flexible  wire  is  fastened  ;  when 
the  lever  drops,  this  flexible  wire  is  brought  into  gentle  frictional 
contact  with  the  pendulum  so  as  to  stop  it  without  shock. 

*'  The  clock  should  be  wound  from  the  front,  and  both  hands 
should  be  mounted  so  that  they  can  be  set  independently  also  from 
the  front.    It  is  desirable  that  the  clock  should  be  able  to  go  for  a 
week  with  one  winding. 
lY.    Sulphur  Compounds  other  than  Sulphuretted  Hydrogen. 

*'  The  testing  shall  be  made  in  a  room  where  no  gas  is  burnt  other 
than  that  which  is  being  tested  for  sulphur  and  ammonia. 

**  The  apparatus  to  be  employed  is  represented  by  the  diagram  (Fig. 
148),  and  is  of  the  following  description : — The  gas  is  burnt  in  a  small 
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Bunsen  burner  with  steatite  top«  which 
is  mounted  on  a  short  cylindrical  stand, 
perforated  with  holes  for  the  admission 
of  air,  and  having  on  its  upper  surfEtce 
a  deep  circular  channel  to  receive  the 
wide  end  of  a  glass  trumpet-tube. 

"Pieces  of  sesqui-carbonate  of  am- 
monia, from  the  surface  of  which  any 
efflorescence  has  been  removed,  are  to 
be  placed  round  the  stem  of  the  burner. 
The  index  of  the  meter  is  to  be  then 
turned  forward  to  the  point  at  which  the 
catch  falls,  and  will  again  support  the 
lever  tap  in  the  horizontal  position.  The 
lever  is  then  made  to  rest  against  the 
catch  so  as  to  turn  on  the  gas.  The 
index  is  then  turned  back  to  a  little  short 
of  zero,  and  the  burner  lighted.  When 
the  index  is  close  to  zero  the  trumpet- 
tube  is  placed  in  position  on  the  stand 
and  its  narrow  end  connected  with  the  tubulure  of  the  condenser.  At 
the  same  time,  the  long  chimnej-tube  is  attached  to  the  top  of  the 
condenser. 

'*  As  soon  as  the  testing  has  been  started,  a  reading  of  the  Aeror- 
thometer  is  to  be  made  and  recorded.  The  mechanism  for  stopping 
the  clock  is  then  to  be  connected  with  the  lever  tap  of  the  meter,  so 
that  both  may  be  stopped  at  the  same  moment,  when  ten  cubic  feet 
of  gas  have  passed  through  the  meter.  The  time  at  which  the 
testing  begins  is  to  be  recorded. 

**  After  each  testing,  the  flask  or  beaker  which  has  received  the  liquid 
products  of  the  combustion  of  the  ten  cubic  feet  of  gas,  is  to  be  emptied 
into  a  measuring  cylinder  and  then  replaced  to  receive  the  washings 
of  the  condenser.  Next  the  trumpet-tube  is  to  be  removed  and  well 
washed  out  into  the  measuring  cylinder.  The  condenser  is  then  to 
be  flushed  twice  or  thrice  by  pouring  quickly  into  the  mouth  of  it  40 
or  50  cubic  centimetres  of  distilled  water.  These  washings  are 
brought  into  the  measuring  cylinder,  whose  contents  are  to  be  well 
mixed  and  divided  into  two  equal  parts. 

"  One-half  of  the  liquid  so  obtained  is  to  be  set  aside,  in  case  it 
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shotdd  be  desirable  to  repeat  the  determination  of  the  amount  of 
solf^ur  which  the  liquid  contains.  This  portion  is  to  be  examined 
under  the  same  conditions  as  have  been  prescribed  for  the  examination 
of  the  second  portion  of  the  liquid  obtained  from  the  apparatus  used 
in  testing  for  Ammonia ;  unless  thus  previously  used,  it  is  to  be  pre- 
served, in  a  bottle  properly  labelled,  for  one  week. 

"  The  remaining  half  of  the  liquid  is  to  be  put  into  a  flask,  or  beaker 
covered  with  a  large  watch-glass — treated  with  hydrochloric  acid 
sufficient  in  quantity  to  leave  an  excess  of  acid  in  the  solution — 
and  then  raised  to  the  boiling  point.  An  excess  of  a  solution  of 
barium  chloride  is  now  to  be  added,  and  the  boiling  continued  for  five 
minutes.  The  vessel  and  its  contents  are  to  be  allowed  to  stand  till 
the  barium  sulphate  settles  at  the  bottom  of  the  vessel,  after  which 
the  clear  liquid  ij3  to  be  as  far  as  possible  poured  off  through  a  paper 
filter.  The  remaining  liquid  and  barium  sulphate  are  then  to  be 
poured  on  to  the  filter,  and  the  latter  well  washed  with  hot  .distilled 
water.  (In  order  to  ascertain  whether  every  trace  of  barium  chloride 
and  ammonium  chloride  has  been  removed,  a  small  quantity  of  the 
washings  from  the  filter  should  be  placed  in  a  test-tube,  and  a  drop  of 
a  solution  of  silver  nitrate  added ;  should  the  liquid,  instead  of  re- 
maining perfectly  clear,  become  cloudy,  the  washing  must  be 
continued  until,  on  repeating  the  test,  no  cloudiness  is  produced.) 
Dry  the  filter  with  its  contents,  and  transfer  it  into  a  weighed 
platinum  crucible.  Heat  the  crucible  over  a  lamp,  increasing  the 
temperature  gradually,  from  the  point  at  which  the  paper  begins  to 
char,  up  to  bright  redness.  When  no  black  particles  remain,  allow 
the  crucible  to  cool ;  place  it  when  nearly  cold  in  a  desiccator  over 
strong  sulphuric  acid,  and  again  weigh  it.  The  difference  between 
the  first  and  second  weighings  of  the  crucible  will  give  the  number  of 
grains  of  barium  sulphate.  Multiply  this  number  by  11  and  divide  by 
4  ;  the  result  is  the  number  of  grains  of  sulphur  in  100  cubic  feet  of 
the  gas. 

<*  This  number  is  to  be  corrected  for  the  variations  of  temperature 
and  atmospheric  pressure  in  the  manner  indicated  under  the  head  of 
Illuminating  Power,  with  this  difference,  that  the  mean  of  the 
Aerorthometer  readings  found  at  the  beginning  and  at  the  end  of  any 
testing  shall  be  taken  as  the  reading  for  that  testing.  The  reading- 
at  the  beginning  of  the  testing  is  to  be  made  by  the  Gas  Examiner, 
who,  before  leaving  the  testing  place,  will  set  the  columns  of  mercury 
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level  in  the  two  tabes  of  the  inBtrmnent,  and  will  connect  the  lever- 
tap  of  the  Aerorthometer  with  that  of  the  meter.  The  fall  of  the 
lever  of  the  meter  will  release  a  similar  lever  turning  a  tap  which 
closes  the  tabe  of  the  Aerorthometer.  The  reading  of  the  Aerortho- 
meter as  it  stood  at  the  end  of  the  testing  will  require  a  small 
correction  for  the  difference  in  level  of  the  mercury  in  the  two 
tubes,  which  is  to  be  made  in  the  following  manner : — 

"  Let  R  be  the  correct  reading,  n  the  actual  reading  of  the  Aeror- 
thometer, ra  the  reading  of  the  companion  tube,  k  t^e  mean  height  of 
the  Barometer  in  units  of  the  Aerorthometer  scale,  a  figure  which 
will  be  printed  on  each  instrument    Then 

R  =  ,^  X  ^^^t^. 

**  The  correction  by  means  of  the  Aerorthometer.  reading  may  be 
made  most  simply  and  with  sufficient  accuracy,  in  the  following 
manner : — 

"When  the  Aerorthometer  reading  is  between  'OSS-— '965,  -966— '975 
•976— '985,  '986— '995,  diminish  the  number  of  grains  of  sulphur  by  4,  3, 
2, 1  per  cent. 

"When  the  Aerorthometer  reading  is  between  •996—1*005,  no  correc- 
tion need  be  made. 

"When  the  Aerorthometer  reading  is  between  1*006— 1015,  1*016— 
1*025,  1  026 — 1*035,  increase  the  number  of  grains  of  Sulphur  by  1,  2,  3 
per  cent. 


"  Example  :— 
Grains  of  Barium  Sulphate  from 

4*3 

Aerorthometer  reading  1*018 

5  cubic  ft.  of  Gas 

Multiply  by  11,  and  divide  by  4 

11 
4  )  47*3 

Grains  of  Sulphur  in  100  cubic 

ft.  of  G^as  (uncorrected) 

11*82 

Add  11-8  X  rfo  = 

•24 

^Grains  of  Sulphur  in  100  cubic 

Eesult ! 

ft.  of  Gas  (corrected) 

12*06 

121  grs. 

"  The  Aerorthometer  reading  is  the  reciprocal  of  the  Tabular  Number. 
The  Gas  Examiner  shall,  not  less  often  than  once  a  month,  compare  the 
Aerorthometer  reading  with  the  reciprocal  of  the  Tabular  Number  de- 
educed  from  observations  of  the  Barometer  and  Thermometer,  and  if  there, 
is  a  difference  of  more  than  one-half  per  cent,  the  instruments  are  to  be 
readjusted. 
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*^  At  to  the  Mcunmum  AmaufUs  of  Impurity  m  each  Form  vtith  which 
the  Oa$  shall  be  allowed  to  be  Charged* 

"  Sulphuretted  Hydrogen,— "By  the  Acts  of  Parliament  all  gas  supf^ed 
must  be  wholly  free  from  this  impurity. 

"  AfMnonia. — The  maximum  amouat  of  this  impurity  shall  be  4 grains 
per  100  cubic  feet. 

"  Sulphur  Compounds  other  than  Sulphuretted  Hydrogen. — The  maxi- 
mum amount  of  sulphur  with  which  gas  shall  be  allowed  to  be  charged 
shall  be  17  grains  in  every  100  cubic  feet  of  gas." 

"  Times  and  Mode  of  Testing  tor  Illuminating  Power. 

<*  The  standard  to  be  used  in  testing  the  illuminating  power  of  gas* 
shall  be  a  Pentane  10-oandle  Lamp,  which  has  been  examined  and 
certified  by  the  Gas  Beferees.  A  Fig.  and  description  of  the  lamp 
is  given  at  pages  880  and  881.  The  residue  of  pentane  in  the 
saturator  shcdl,  at  least  once  in  each  calendar  month,  be  remoyed.  It 
shall  not  be  used  again  in  any  testings. 

"The  pentajie  to  be  used  in  this  lamp  shall  be  prepared  as 
described,  and  shall  show  when  tested  the  properties  specified. 

'<  All  pentane  provided  by  the  Gas  Companies  will  be  examined 
and  certified  by  the  Gas  Beferees,  and  will  be  sent  to  the  testing 
places  in  one-pint  cans,  which  have  been  both  sealed  and  labelled  by 
them ;  and  no  pentane  shall  be  used  in  the  testing  places  other  than 
that  which  has  been  thus  certified. 

"The  testings  for  illuminating  power  shall  be  three  in  number 
daily.  But  if  the  average  of  three  testings  falls  below  the  prescribed 
illuminating  power,  a  fourth  testing  shall  be  made. 

"The  Photometers  to  be  used  in  the  testing  places  shall  be  the 
Table  Photometer. 

^  The  several  parts  of  the  apparatus  stand  upon  a  well-made  and  firm 
table,  5  ft.  6  in.  by  8  ft.  6  in.,  and  2  ft.  5  in.  high.  The  upper  surface  of 
this  table  is  smooth,  level,  and  dead  black.  Upon  this  are  placed  or 
clamped  in  the  positions  shown  : — 

**  (1)  The  Gas  Meter ;  (2)  The  Gas  Governor ;  (8)  The  Regulating  Tap  ; 
(4)  The  *  Sugg's  London  Argand,  No.  I'  Burner ;  (5)  The  Connecting 
Pipes ;  (6)  The  Pentane  Ten-Candle  Lamp  ;  (7)  The  Photoped  ;  (8)  The 
Aerorthometer ;  (9)  The  Stop-Clock  ;  (10)  Dark  Screens. 

[All  these  several  parts  are  described  in  great  detail  in  the 
notification.] 
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"  The  air-gas  in  the  lamp  is  to  be  kept  burning  so  that  the  flame 
is  near  its  proper  height  for  at  least  ten  minutes  before  any  testing  is 
made.  At  the  completion  of  every  testing  the  air-gas  is  to  be  turned 
•out ;  but,  if  the  interval  between  two  testings  does  not  much  exceed 
one  hour  and  the  Gas  Examiner  is  present  during  the  interval,  he 
may,  instead  of  turning  it  out,  turn  it  down  low. 

**  The  gas-burner  attached  to  each  Photometer  shall  be  a  standard 
burner  corresponding  to  that  which  has  been  deposited  with  the 
Warden  of  the  Standards  in  accordance  with  Section  87  of  The 
Gaslight  and  Coke  Company  Act,  1876.  The  following  is  a  descrip- 
tion of  the  standard  burner  to  be  used : — 

"This  was  designed  by  Mr.  Sugg,  and 
was  called  by  him  '  Sugg's  London  Argand, 
No.  1.' 

A  full-sized  section  (here  given  half 
size)  is  appended  (Fig.  149),  in  which 
A  represents  a  supply  pipe,  B  the  gallery, 
C  the  cone,  D  the  steatite  chamber,  E  the 
chimney. 

The  following  are  the  dimensions  of  those 
parts  of  the  burner  upon  which  its  action 
depends : — 


Diameter  of  supply-pipes     .     .     . 

External  diameter  of  annular  stea- 
tite chamber 0 

Internal  diameter  of  annular  steatite 
chamber 0 

Number  of  holes       ....  24 

Diameter  of  each  hole    ....     0 

Internal  diameter  of  cone — 

At  the  bottom 1 

At  the  top 1 

Height  of  upper  surface  of  cone  and 
of  steatite  chamber  above  floor  of 
gallery 0 

Height  of  glass  chimney     ...     6 

Internal  diameter  of  chimney   .      .     1^ 


Inch. 
0-08 


'84 

48 

045 

5 
08 
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«Eacb  burner  shall  bear  a  distmotiYe  namber.  No  barner  sha^ 
be  used  for  testing  the  illttminating  power  of  gas  that  does  not  bear 
the  lead  seal  of  the  Oas  Referees. 

**  A  clean  cbimnej  is  to  be  placed  on  the  barner  before  each 
testing. 

'<  The  gas  under  examination  is  to  be  kept  burning,  so  that  the 
flame  is  about  the  usual  height,  for  at  least  fifteen  minutes  before 
any  testing  is  made ;  and  no  gas  shall  pass  through  the  meter  attached 
to  the  Photometer  except  that  which  is  consumed  by  the  standard 
burner  in  testing  or  during  the  intervals  between  the  testings  made 
on  any  day,  and  that  which  is  used  in  proving  the  meter. 

<*  The  paper  used  in  the  photoped  of  the  Photometer  shall  be  white 
in  colour,  unglazed,  of  fine  grain,  and  free  from  water  marks.  It 
shall  be  as  translucent  as  is  possible  consistently  with  its  being 
sufficiently  opaque  to  prevent  any  change  in  the  apparent  relative 
brightness  of  the  two  portions  of  the  illuminated  surface,  when  the 
head  is  moved  to  either  side.  This  paper  should,  when  not  in  use, 
be  covered,  to  protect  it  from  dust ;  and,  if  it  has  been  in  any  way 
marked  or  soiled,  a  fresh  piece  is  to  be  substituted. 

'*  Each  testing  shall  be  made  as  follows : — 

<<  The  index  of  the  regulating  tap  shall  be  so  turned  that  the  gas 
flame  gives  rather  less  light  on  the  photoped  than  the  standard,  and 
shall  then  be  gradually  turned  on  until  equal  illumination  has  been 
obtained.  The  position  of  the  index  shall  then  be  noted.  Next,  the 
tap  shall  be  so  turned  that  the  gas  flame  appears  to  give  rather  more 
light  than  the  standard,  and  shall  then  be  turned  off  until  equality 
is  again  attained,  and  the  position  of  the  index  shall  be  again  noted. 
The  double  operation  shall  be  repeated.  The  mean  of  the  four  index 
positions  shall  be  taken  as  that  which  gives  true  equality  of  illumina- 
tion. The  index  shall  be  sot  to  this  mean  position,  the  quality  of 
illumination  verified,  and  the  time  that  the  hand  of  the  meter  takes 
to  make  two  complete  revolutions  shall  be  observed. 

''  In  order  to  make  this  observation,  a  stop-clock  shall  be  used,  by 
which  the  time  which  has  elapsed  since  the  clock  was  started  can  be 
read  with  an  accuracy  of  at  least  half  a  second.  The  clock  shall  be 
started  at  the  moment  when  the  meter-hand  points  either  to  zero  or 
to  some  other  convenient  mark,  and  a  note  shall  be  immediately 
made  of  the  mark  chosen.  Exactly  at  the  completion  of  the  second 
turn  of  the  meter-hand  the  Gas  Examiner  shall  stop  the  clock.    The 
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time  of  two  revolntiond  thus  indioatdd  by  the  clock  is  to  be  read  to 
the  nearest  half  second  and  found  in  the  table,  A,  given  herewith. 
From  this  and  the  reading  of  the  Aerorthometer,  or  a  determination 
of  the  tabular  number,  the  illuminating  power  of  the  gas  is  to  be 
obtained,  either  directly  or  by  interpolation.  Only  one  figure  after 
the  decimal  point  need  be  entered  when  the  result  is  above  16 ;  where 
a  lower  result  is  found,  both  figures  should  be  noted  and  entered.  A 
table,  B,  giving  the  Tabular  Numbers  for  different  temperatures  and 
pressures  is  appended. 

••  The  method  of  finding  the  illuminating  power  from  the  table  by 
interpolation,  may  be  illustrated  by  the  two  following  examples  : — 

"  I.  Time  1  min.  63  sec.  Reading  of  Aerorthometer,  1*073.  By 
the  table  the  illuminating  power  corresponding  to  this  time  of  con- 
sumption and  to  the  reading  1*070  is  16*12,  while  for  the  reading 
1*080  it  is  16*27.  Thus,  in  this  part  of  the  scale,  when  the  reading 
is  10  degrees  higher  the  illuminating  power  is  greater  by  0*15  candle. 
Hence,  when  the  reading  is  8  degrees  above  1*070,  the  corresponding 
illuminating  power  is  16*12  +  3%  X  0*16  =  16*165  candles  and  the 
number  to  be  returned  is  16*2. 

'*  II.  Time  2  min.  1^  sec.  Beading  of  Aerorthometer,  '984.  The 
numbers  in  the  table  under  *980  are  15*81  for  2  min.  1  sec.,  and 
15*94  for  2  min.  2  sees. ;  therefore  the  number  corresponding  to  1^ 
sec.  is  the  half-way  number  15*875  ;  the  number  found  similarly 
under  '990  is  16*085.  The  increase  for  10  degrees  is  here  0*16  ;  the 
number  corresponding  to  the  reading  *984  is  accordingly  15*875  -|-  ^ 
X  0*16  =  15*989  ;  and  the  number  to  be  returned  is  15*94. 

<'If,  in  very  exceptional  circumstances,  the  Aerorthometer  scale  or 
the  tables  do  not  include  the  conditions  that  are  met  with,  the 
Gas  Examiner  shall  determine  the  illuminating  power  by  means 
of  one  or  other  of  the  formulsB  printed  below  the  tables. 

"  The  Oas  Examiner  shall,  at  least  once  a  week,  compare  the  stop- 
clock  with  the  standard  clock  in  each  testing  place. 

"  The  Gas  Examiner  shall  enter  in  his  book  the  particulars  of  every 
testing  of  illuminating  power  made  by  him  at  the  testing  places, 
during  or  immediately  after  such  testing;  and  in  the  case  of  any 
testing  which  he  rejects  he  shall  also  state  the  cause  of  rejection.  No 
testing  is  to  be  rejected  on  the  ground  that  the  result  seems  im- 
probable." 
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.giving  the  iLLijield  the  Light  of  16  Candles,  and  from  Readings 
Barometer,  The]  through  the  meter  of  one- sixth  of  a  cubic  foot  of  gi 
be  found  in  th<  [)  lines.      In  the  corresponding  line  and  column  is  fo 
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45 
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60 
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16-28 

61 
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15-84 

15-98 
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16-28 

16-43 

1 

62 

16-68 

15-88 
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16-18 

16-28 

16-48 

16-68 

68 
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16-27 

16-42 

16*67 

16*72 

64 

16-96 
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16-26 

16*42 
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16-87 

66 
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16-26 

16-41 
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17*02 
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66 
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17-17 

67 
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68 
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17-46 

69 

16-66 
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17-61 
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0 
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16-96 

17*12 
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17-44 
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2 

1 

16-94 
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17-26 

17-42 

17-69 

17-76 

17-91 

2 

17-08 

17-24 

17-41 

17-57 

17-78 

17-89 

1805 

8 

17-22 

17-88 

17*55 

17-71 

17-88 

18-04 

18-20 

4 

17-88 

17-68 

17-69 

17-86 

18*02 

18*19 

18-35 

2 

6 

17-60 

17*67 

17*88 

18*00 

18*17 

16-88 
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6 

17-64 

17-81 

17*98 

18-14 

18-81 

18-48 

18-65 

7 

17-78 

17-96 

18*12 

18-29 

18*46 

18*68 
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8 

17-92 

18-09 

18*26 

18*48 

18*60 

18*77 

18-94 

^ 

9 

18-06 

18-28 

18-40 

18-58 

18*76 
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10 
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18-87 

18*56 

18-72 

18*89 

19*07 

19*24 

11 

18-84 

18-61 

18-69 

18-86 

19*04 
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12 
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atures,  and 

under  dififerent  Atmospheric  Pressures. 

Bar. 

Ther. 
40° 

56« 

68° 

70° 

72° 

74° 

76° 

78° 

80° 

82° 

84° 

28-0 

•979 

917 

•912 

•907 

•902 

•897 

-892 

•887 

-881 

-876 

•870 

281 

•988 

921 

•916 

-911 

•906 

-900 

•895 

•890 

-884 

•879 

•878 

28-2 

•986 

924 

•919 

•914 

•909 

•904 

•898 

898 

-887 

•882 

•876 

28-8 

•990 

928 

-922 

•917 

•912 

-907 

-902 

•896 

•891 

•886 

•880 

28-4 

•998 

931 

•926 

•921 

•915 

•910 

-905 

900 

•894 

•888 

•883 

28-6 

•997 

""934 

•929 

•924 

.  -919 

•914 

•908 

908 

-897 

-892 

•886 

28-6 

1-001 

988 

-982 

-927 

-922 

•917 

-912 

906 

-901 

-896 

•889 

28-7 

1-004 

941 

•936 

-931 

•926 

•920 

•916 

909 

•904 

•898 

-893 

28-8 

1-007 

l944 

•939 

-934 

•929 

-924 

•918 

913 

-907 

901 

•896 

28-9 

1011 

l948- 

-942 

•937 

•932 

-927 

•921 

916 

-910 

•906 

•899 

290 

1-014 

l961 

-946 

•941 

•936 

•930- 

•926 

919 

•914 

-908 

-903 

29-1 

1-018 

l954 

•949 

•944 

•939 

•933 

-928 

928 

•917 

-911 

-906 

29-2 

1021 

l968 

-962 

•947 

•942 

•937 

-931 

926 

•920 

•914 

•909 

29-8 

1-025 

im 

*966 

•950 

•946 

•940 

-936 

929 

-923 

•918 

•912 

29-4 

v(m 

l964 

•959 

•964 

949 

•943 

•938 

932 

•927 

•921 

•915 

29-5 

1082 

l968 

•962 

•967 

•962 

•947 

-941 

936 

•930 

•924 

'919 

29-6 

1-036 

l971 

-966 

•960 

•966 

•960 

•944 

939 

•933 

•927 

-922 

29-7 

1-039 

1974 

•969 

•964 

-959 

•958 

•948 

942 

•937 

•931 

-926 

29-8 

1-048 

1378 

•972 

•967 

-962 

•957 

•951 

946 

•940 

•934 

-928 

29-9 

1-046 

l981 

•976 

•970 

•966 

•960 

•964 

949 

-943 

•937 

-932 

300 

1-050 

1985 

•979 

-974 

•968 

•963 

•968 

952 

-946 

•941 

-936 

801 

1068 

1988 

•983 

•977 

•972 

•966 

•961 

966 

•950 

•944 

•988 

80*2 

1-057 

1991 

-986 

•980 

-976 

•970 

•964 

959 

•963 

•947 

•941 

80-8 

1-060 

1995 

•989 

•984 

•978 

•973 

•968 

962 

•956 

•960 

•946 

80-4 

1-064 

1998 

-998 

-987 

•982 

-976 

•971 

965 

-959 

•954 

•948 

80-6 

1-067 

i:oi 

-996 

•990 

-986 

-980 

•974 

969 

-963 

-967 

•961 

80-6 

ro7i 

1305 

•999 

•994 

-988 

•983 

-977 

972 

•966 

•960 

•954 

80-7 

1-074 

1D08 

1-003 

•997 

-992 

•986 

-981 

976 

•969 

-963 

•967 

80-8 

1-078 

IDII 

1006 

1-000 

•996 

•990 

•984 

978 

-972 

-967 

•961 

30-9 

1-081 

1015 

roo9 

1-004 

•998 

-993 

-987 

982 

-976 

-970 

•964 

81  0 

1-086 

1018 

1013 

1-007 

1-002 

•996 

•991 

985 

•979 

-978 

•967 

*^*  The  numbene  height  of  the  barometer  in  inches,  t  the  temperature  on  the  Fahrenheit 
scale,  and  a  the  tt  V  the  corresponding  volume  at  60°  and  80  inches  pressure,  V=p»- 
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MODE  OF  TESTING  THE  PRESSURE  AT  WHICHi 
GAS  IS  SUPPLIED. 

**  Testing  of  pressure  sball  be  made  by  tmscrewmg  &e  GoYemor* 
and  Burner  of  one  of  the  ordinary  pablic  lamps,  in  snob  street  or  part 
of  a  street  as  tbe  Controlling  Authority  may  from  time  to  time  appoint,, 
and  attaching  in  their  stead  a  portable  pressure  gauge. 

«  Each  testing  place  is  provided  with  a  gauge  prescribed  for  this 
purpose  by  the  Beferees,  consisting  of  an  ordinary  pressure  gauge* 
inclosed  in  a  lantern,  which  also  holds  a  candle  for  throwing  light 
upon  the  tubes  and  scale.  The  difference  of  level  of  the  water  in  the  two^ 
limbs  of  the  gauge  is  read  by  means  of  a  sliding  scale,  the  zero  of 
which  is  made  to  coincide  with  the  top  of  the  lower  column  of  liquid.. 

''  The  Oas  Examiner  having  fixed  the  gauge  gas-tight,  and  as 
nearly  as  possible  vertical  on  the  pipe  of  the  lamp,  and  having  opened, 
the  cocks  of  the  lamp  and  gauge,  shall  read  and  at  oooe  record  the* 
pressure  shown.  From  the  observed  pressure  one-tenth  of  an  inch  is 
to  be  deducted  to  correct  for  the  difference  between  the  pressure  of* 
gas  at  the  top  of  the  lamp  column  and  that  at  which  it  is  supplied  to* 
the  basement  of  neighbouring  houses. 

THE    GAS    REFEREES'    STREET    LAMP 
PRESSURE    GAUGE. 

"  This  instrument  (Fig.  150)  has  been  designed  by  the  Oas  Referees, 
in  accordance  with  Section  6  of  The  Gaslight  and  Ck>ke* 
and  other  Gas  Companies  Acts  Amendment  Act,  1880,. 
for  the  purpose  of  testing  in  any  street  at  any  hour  the 
pressure  at  which  gas  is  supplied.  Its  construction  and 
mode  of  use  are  as  follows  : — 

"  Within  a  lantern  provided  with  a  handle  for  carry- 
ing and  feet  for  resting  on  the  ground,  is  placed  a. 
candle-lamp,  to  give  light  for  reading  the  gauge.  In 
front  of  the  candle-lamp  is  a  sheet  of  opal  glass,  and 
in  front  of  this  a  glass  U-tube,  partly  filled  with 
coloured  water,  and  communicating  at  one  end  with* 
the  air,  at  the  other  with  a  metal  pipe,  which  passes 
through  the  bottom  of  the  lantern.  In  order  to  read 
easily  and  accurately  the  difference  of  level  of  the 
liquid  in  the  two  limbs,  a  scale  divided  into  tenths  of. 
an  inch  is  made  to  slide  between  them  with  sufficient 
friction  to  retain  it  in  any  position.  The  zero  of  the 
scale  having  been  brought  level  with  the  surface  of  the 

liquid  which  is  pressed  upon  by  the  gas,  the  height. 
Fio.  160. 
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-above  this  of  tiie  surbtce  wliick  is  pressed  iipoQ  b j  the  air  can  be  read 
directly.  The  lantern  ia  dosed  in  front  by  a  glass  door,  at  each  side 
of  which  is  a  reflector  for  throwing  light  upon  the  scale  of  the  gauge. 
Above  each  limb  of  the  U-tube  is  a  tap,  which  can  be  closed  when 
the  instrument  is  not  in  use,  to  prevent  the  liquid  being  accidentally 
:spilt. 

"  To  make  a  testing  of  pressure  the  governor  and  burner  of  a  street 
lamp  are  to  be  removed,  and  the  pressure  gauge  is  to  be  screwed  on 
to  the  gas  pipe,  by  which  it  is  supported.  The  cock  is  then  turned  on, 
and  a  reading  made.  If  on  turning  off  the  cock  the  level  of  the  liquid 
is  unchanged,  or  changes  slowly,  the  reading  is  correct ;  but  if  the 
level  changes  quickly,  the  junction  between  the  lamp  and  the  gauge 
must  be  made  more  perfect,  and  the  testing  repeated.  A  small  leakage 
is  immaterial,  provided  the  cock  is  turned  fully  on. 

"  The  pressure  at  the  top  of  the  lamp  column  is  greater  by  about 
-01  inch  than  that  at  the  main,  which  is  the  pressure  required. 
Accordingly  a  deduction  of  O'l  inch  from  the  observed  pressure  is 
to  be  made. 

METERS. 

''Each  of  the  meters  used  for  measuring  the  gas  consumed  in 
making  the  various  testings  is  constructed  with  a  measuring  drum 
which  allows  one-twelfth  of  a  cubic  foot  of  gas  to  pass  for  every 
revolution.  A  hand  is  fastened  directly  to  the  axle  of  this  drum,  and 
passes  over  a  dial  divided  into  one  hundred  equal  divisions.  The 
•dial  and  hand  are  protected  by  a  glass.  In  the  meter  employed  in 
testing  the  purity  of  gas,  the  pattern  of  dial  for  showing  the  number 
-of  revolutions  and  the  automatic  cut-off  hitherto  in  use  shall  be 
retained,  but  in  the  meter  employed  for  testing  illuminating  power, 
•only  the  dial  above  described  is  needed.  The  stop-cock  may  be 
either  attached  to  the  meter  or  separate. 

*'  The  meters  used  for  measuring  the  gas  consumed  in  making  the 
various  testings,  having  been  certified  by  the  Beferees,  shall,  at  least 
once  in  seven  days,  be  proved  by  the  Gas  Examiners  by  means  of 
the  Referees'  one-twelfth  of  a  cubic  foot  measure.  A  description 
of  this  instrument,  with  directions  how  to  use  it,  is  here  given. 

*'  No  meter  other  than  a  wet  meter  shall  be  used  in  testing  the 
gas  under  these  instructions. 
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THE   GAS   REPERSES'  ONB-TWELPTH  OP   A 

CUBIC   POOT   MEASURE. 
"  This  mstmment  is  represented  in  Fig.  150a  ;  it  consists  of  a 
vessel  of  blown  glass  of  a  ejlindrioal   form,  with  rounded  ends, 

terminating  in  short  tubes 
about  40  millimetres  in 
diameter  outside,  which 
tubes  are  reduced  at  their 
outer  ends  to  about  20  milli- 
metres in  diameter  outside. 
Lines  are  etched  round 
each  tubular  neck  in  such 
positions  that  the  capacity 
of  that  portion  of  the  vessel 
included  between  tbese 
marks  is  exactly  one-twelfth 
of  a  cubic  foot  when  the 
glass  is  at  the  ordinary 
temperature.  No  correc- 
tion is  needed  for  the 
cubical  expansion  of  the 
glass.  The  two  tubular 
necks  of  the  instrument 
Fio.  150a.  pass  through    two  boards 

placed  below  and  parallel  to  the  top  of  a  small  four-legged  table. 
For  convenience,  the  upper  one  of  these  two  boards  is  made  in  two 
parts,  and  hiuged  to  the  legs. 

*'Into  each  end  of  the  instrument  a  glass  tube,  about  8  millimetres 
in  diameter  outside,  is  fitted,  gas  and  water  tight,  by  means  of  india- 
rubber  corks,  in  such  positions  that  the  inner  end  of  the  upper  tube 
lies  exactly  in  the  plane  of  the  mark  at  its  end  of  the  instrument, 
while  that  of  the  lower  is  about  1  mm.  below  the  mark. 

<*  The  upper  tube  terminates  in  a  T>  6ft<^h  branch  of  which  is  pro- 
vided with  a  stop-cock. 

**  A  separate  stand  carries  two  shelves,  the  upper  one  about  40 
millimetres  below  the  level  of  the  upper  mark,  and  the  lower  one 
below  the  level  of  the  lower  mark.  The  lower  shelf  is  adjustable, 
and  must  be  so  placed  that  the  action  about  to  be  described  shall 
take  place. 

**  A  water- vessel  is  provided  having  a  capacity  of  about  one- tenth 
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of  a  cubic  fo6t.^  Ifc-i^oiild  be  mikte  of  biusi  or  coppery  thmed  on  the 
inside.  It  has  a  tubnlure  near  the' bottom,  to  idiieb'is  fitted  a  metal 
tap.  The  end  ot  the  tap  is  to  be  turned  slightly  downwards,  and  is 
to  have  a  diameter  outside  of  about  8  millimetree.  The  size  of  the 
way  through  the  tap  and  of  the  connections  is  such  that  when  a 
meter  is  beiug  proved  in  the  manner  to  be  described,  the  water  fills 
the  instrument  from  one  mark  to  the  other  in  about  one  minute. 
The  water  vessel  has  a  tubulure  in  the  cover,  to  which  a  narrow  glass 
tube  is  fitted  by  means  of  a  cork,  so  that  air  may  enter  or  escape. 
The  end  of  the  tube  is  bent  round  upon  itself  in  the  form  of  a  crook, 
so  as  to  exclude  dust  and  dirt.  An  india-rubber  tube  connects  the 
tube  at  the  base  of  the  measure  with  the  stop-cock  of  the  water 
vessel.  An  ordinary  chemical  thermometer  is  provided  for  taking 
the  temperature  of  the  water. 

**  The  pipe  supplying  gas  to  each  meter  is  provided,  near  the  meter, 
with  a  three-way  stop-cock  carrying  a  short  branch  pipe,  so  formed 
that  it  either  connects  the  gas  supply  only  with  the  branch  pipe,  the 
meter  only  with  the  branch  pipe,  or  the  gas  supply  with  the  meter, 
in  which  latter  case  the  branch  pipe  is  cut  off  from  both.  The  index 
of  the  tap  shows  which  communication  is  open.  In  order  to  avoid 
sending  the  gas  used  in  proving  the  sulphur  meter  through  the 
sulphuretted  hydrogen  and  ammonia  apparatus,  a  separate  gas  supply 
is  provided.  The  branch  pipe  is  so  shaped  as  to  be  convenient 
for  the  attachment  of  au  india-rubber  tube. 

'<  In  order  to  put  the  instrument  in  adjustment  the  water  vessel  is 
placed  upon  the  upper  shelf,  the  water  is  poured  into  it  until  it  rises 
about  one-quarter  of  an  inch  in  the  upper  narrow  tube.  One  branch 
of  the  glass  T  is  then  connected  by  an  india-rubber  pipe  with  the 
branch  of  the  three-way  stop-cock.  This  is  now  turned  so  as  to  con- 
nect the  branch  pipe  with  the  gas  supply,  and  the  water  vessel  is 
placed  on  the  lower  shelf.  The  water  will  run  back  into  the  vessel.. 
The  flow  should  cease  when  the  water  has  just  begun  to  descend  in  the 
lower  tube ;  if  not,  the  height  of  the  lower  shelf  must  be  adjusted 
until  this  is  the  case. 

**  The  space  above  the  upper  mark  is  always  filled  with  gas,  and 
that  below  the  lower  mark  with  water,  so  that  the  capacity  of  these 
portions  of  the  instrument  has  no  effect  upon  the  measurements. 
The  narrow  tubes  are  so  small  that  a  variation  of  even  an  inch  of  the 
level  at  which  the  water  stands  in  them  has  no  appreciable  effect 
upon  the  meter  reading. 
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'<  The  opparatag  shall  only  bo  used  in  proving  a  meter  when  the 
temperature  of  the  meter,  and  of  the  water  hx  the  wajber  vessel,  have 
been  found  not  to  differ  by  more  than  two  degrees  Fahrenheit. 

<*  In  order  to  prove  the  meters  used  in  the  various  testings,  the 
position  of  the  index  is  taken  when  the  instrument  has  been  put  in 
adjustment  and  filled  with  gas  as  described.  The  tap  of  the  water 
vessel  is  turned  off,  and  the  pressure  of  the  gas  in  the  instrument 
reduced  to  atmospheric  pressure  by  momentarily  opening  the  tap  in 
the  free  branch  in  the  glass  T.  ^he  water  vessel  is  placed  upon  the 
upper  shelf,  its  tap  turned  on,  and  one-twelfth  of  a  cubic  foot  of  gas 
is  discharged  through  the  meter.  Fig.  150a  represents  this  operation 
in  progress.  The  three-way  stop-cock  is  then  turned  so  as  to  fill 
the  instrument  with  gas  which  is  reduced  to  atmospheric  pressure 
as  before,  and  a  second,  and  again  a  third  quantity  is  discharged 
through  the  meter.  Should  the  hand  attached  to  the  axle  of  the 
measuring  drum  have  travelled  in  the  three  revolutions  as  much 
as  one  division  beyond  the  point  from  which  it  started,  some  water 
must  be  removed  from  the  meter ;  if  the  travel  of  the  meter  hand 
is  as  much  as  one  division  short  of  this  point,  some  water  must 
be  poured  in.  The  operation  is  then  to  be  repeated  until  the  error 
is  found  to  fall  within  the  specified  limits.*' 

ILLUMINATING    POWER. 

For  testing  the  illuminating  power  of  gas  in  accordance  with  the 
general  statutory  provisions  the  Bunsen  photometer  is  used ;  and 
the  Letheby-Bunsen  (Fig.  151)  or  the  Evans  enclosed  form  of.  the 
apparatus  is  that  generally  adopted. 

The  standard  candle  is  a  sperm  candle,  six  of  which  weigh  1  lb., 
and  each  bums  120  grains  of  sperm  per  hour. 

The  gas  is  supplied  through  an  experimental  meter,  and  burns  at 
one  end  of  a  graduated  bar,  and  the  candle  at  the  other ;  a  moveable 
disc  of  prepared  paper  being  placed  between  the  two. 

This  disc,  which  is  contained  within  a  sliding  box  or  carriage,  fitted 
with  two  reflectors,  is  moved  between  the  two  lights  until  its  opposite 
sides  are  equally  illuminated,  whereupon  the  illuminating  power  of 
the  gas  is  read  off  by  the  operator  on  inspection  of  the  figures  on  the 
graduated  bar. 

The  bar  is  graduated  in  accordance  with  the  law  that  lights  which 
equally  illuminate  an  object  are  to  each  other  as  the  square  of  their 
distance  firom  such  object.    Thus,  assuming  that  the  distance  from 
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the  disc  io  the  gas  flame  is  80  inches,  and  to  the  candle  flame  20 
inches,  then  80^=6400,  and  20^=400,  or  as  16  to  1,  the  illuminating 
value  of  the  gas  as  compared  with  the  candle. 

The  following  apparatus  are  also  required,  viz. : — A  governor  to 
regulate  the  gas  pressure  ;  a  clock  striking  every  minute ;  a  King's 
pressure-gauge ;  a  candle  balance  and  weights ;  a  thermometer  and  a 
barometer. 

The  apparatus  is  arrajiged  and  fixed  on  a  substantially-made  table, 
placed  in  the  photometer  room.    This  room  may  be  conveniently  made 


Fio.  151. 
about  10  or  12  feet  square,  and  should  be  ventilated  ;    but  currents  of 
air  which  would  affect  the  steadiness  of  the  gas  and  candle  flame  must 
be  guarded  against.    Provision  is  made  to  exclude  the  daylight ;    and 
the  walls  are  coloured  a  dull  black. 

Statutory  Regtdations  for  Testing  the  Illuminating  Power  of  Gas, 

The  provisions  in  Schedule  A  of  the  Gas- Works  Clauses  Act,  1871, 
in  regard  to  the  apparatus  for,  and  the  mode  of  testing  the  Illami- 
nating  Power  of  gas,  are  as  follows  : — 

Regulations  in  respect  of  Testing  Apparatus, 

**  The  apparatus  for  testing  the  illuminating  power  of  the  gas  shall 
consist  of  the  improved  form  of  Bunsen's  photometer,  known  as 
Letheby's  open  60-inch  photometer,  or  Evans's  enclosed  100-inch 
photometer,  together  with  a  proper  meter,  minute  clock,  governor, 
pressure  gauge,  and  balance. 

<'  The  burner  to  be  used  for  testing  the  gas  shall  be  such  as  shall 
be  prescribed. 

'<  The  candles  used  for  testing  the  gas  shall  be  sperm  candles  of 
six  to  the  pound,  and  two  candles  shall  be  used  together." 
Mode  of  Testing  for  Illuminating  Power, 

The  gas  in  the  photometer  should  be  lighted  at  least  fifteen 
minutes  before  the  testings  begin  and  kept  continuously  burning 
from  the  beginning  to  the  end  of  the  tests. 

Each  testing  should  include  ten  observations  of  the  photometer, 
made  at  intervals  of  a  minute 
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The  consumption  of  the  gas  should  be  oarefoUy  acyosied  to  6  onbio-. 
feet  per  hoar. 

The  candles  are  lighted  at  least  ten  minutes  before  beginning  each 
testing,  so  as  to  arrive  at  their  normal  rate  of  burning,  which  is  shown 
when  the  wick  is  slightly  bent,  and  the  tip  glowing.  The  standard  rate 
of  consumption  for  the  candles  is  120  grains  each  per  hour.  Before^ 
and  after  making  each  set  of  ten  observations  of  the  photometer,  the 
Gkis  Examiner  weighs  the  candles ;  and  if  the  combustion  shall  have 
been  more  or  less  per  candle  than  120  grains  per  hour,  he  makes  the- 
calculations  requisite  to  neutralize  the  effects  of  this  difference. 

The  average  of  each  set  of  ten  observations  is  taken  as  representing- 
the  illuminating  power  of  that  testing. 

The  disc  used  in  the  Photometer  is  either  the  Leeson  or  the  Bunsen 
disc.    The  chimneys  should  be  cleaned  daily. 

The  rate  of  burning  of  the  gas  in  each  burner  should  be  5  cubic^ 
feet  per  hour — a  rate  of  consumption  which  is  shown  by  the  long 
hand  of  the  meter  making  exactly  one  revolution  per  minute  for 
several  minutes  consecutively. 

Instead  of  weighing  the  candle?,  the  Examiner  may  observe  the 
time  in  which  40  grains  are  burnt.  This  should  not  exceed  10-5,  or 
fall  short  of  9*5  minutes. 

At  the  time  of  each  testing  the  Examiner  observes  and  records  the 
temperature  of  the  gas,  as  shown  by  the  thermometers  attached  ta 
the  meters,  and  also  the  height  of  the  barometer.  The  volumes  of 
the  gas  operated  upon  during  the  testings  may  be  corrected  from 
these  data  (the  standard  of  comparison  being,  for  the  barometer,. 
80  inches,  and  for  the  thermometer,  60  degrees)  by  means  of  the 
Table  B  {ante).  Suppose,  for  example,  the  thermometer  stands  at. 
54  degrees,  and  the  barometer  at  80-8  inches  :  multiply  the  quantity 
of  gas  consumed  by  the  corresponding  tabular  number — the  product 
will  be  the  corrected  volume  of  the  gas — Le,^  the  volume  the  gas- 
would  have  occfupied  when  measured  over  water  at  the  standard  tem- 
perature and  pressure.     Thus — 

Volume  of  gas  consumed     ....     5  cubic  feet. 
Tabular  number  for  barometer  and  thermometer  1*025. 
Then  1*025  x  5  =  5*125,  the  corrected  volume. 

Instead  of  thus  correcting  the  volume  of  gas  consumed,  the  same 
object  may  be  attained  by  dividing  the  observed  illuminating  power 
by  the  tabular  number. 
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The  oaloalatiooB  for  working  oat  the  corrections,  &o„  for  the  iUamioating  power 
•of  the gM  proceed  in  the  following  manner:— Add  the  observations  together,  and 
divide  the  sum  by  10  to  get  the  ayerage ;  then  as  two  candles  are  naed,  nmltiply  by 
two,  to  get  the  illnminating  power  of  the  gas  if  tried  against  one  candle.  Then,  as  the 
standard  rate  of  the  consumption  of  the  candles  (viz.,  120  grains)  is  to  the  average 
number  of  grains  consumed  by  each  per  hour,  so  is  the  above-obtained  number  to 
the  actual  illuminating  power.  Finally,  the  correction  for  temperature  and  pressure 
is  made  by  dividing  the  illuminating  power  by  the  tabular  number.  For  example 
•(taking  the  tabular  number  as  1*025) : — 

Obtervaiions-^ 

Ist  minute — 7-8  Consumption  of  the  2  candles  in 


2nd 

ii 

7-8 

10  minutes. 

8rd 

It 

8-1 

4th 

1} 

8-2 

8 

6th 

ft 

8-8 

6th 

ii 

8-6 

12d  =  oonsu 

7th 

11 

8-6 

per  hour. 

8tb 

II 

8-4 

9ch 

8-3 

10th 

II 
dies 

8-6 

Average,  by  2  can 

10)82-6 

c=8-26 

2 

Average,  by  1  candle=:16*62 


)per  ] 

4956 
8304     « 
1652 

Standard  con-  

sumption     .     120)208196 

Correction  for  

temp.  &  pros.    1025)  16933(16'5  =  corrected  lUum.  Power  in 
1025  candles. 

6688 
6150 

5880 
The  foregoing  calculation  can  be  shortened  as  follows : — 

Average,  by  2  candles  .        .  .=8*26 

Oonsumption  by  2  eandles  in  10  minutes     41  grains. 

826 
8804 

2)83866 

Tabular  nomber    .        .    1025 )  16988  (16*5  »  corrected  Ilium.  Power  in 

1025  candies. 

6688 
6150 

5880 
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PHOTOMETER    TABLE. 

Calculated  far  One  Candle.    (Sugg.)* 

Ooo. 

Grains  per  Hour  Couramed  by  Ihe  Sperm  Candle. 

iiiniplicn 

of  Qm 

Feet  per 

Hoar. 

110 

111 

112 

118      1    114 

116 

116 

117 

U8 

4*6 

1  01861 

1*02777 

1-08708 

1  04629 

1-05555 

1  06481 

107407 

1-08833 

1*09259 

4*6 

•99687 

100548 

1*01449 

1-02855 

108260 

1*04166 

I  05072 

1-06978 

1-06884 

4-7 

•97617 

-98404 

-99290 

1-00177 

1-01068 

1*01950 

1-02886 

1 •08728 

104609 

4-8 

•96486 

96854 

•97222 

•98090 

•98968 

•99826 

1-00694 

1  01562 

1-02430 

4-9 

•98687 

*94887 

•95288 

•96088 

-96988 

•97789 

•98689 

•99489 

1-00840 

6*0 

•91666 

-92500 

•98888 

•94166 

-96000 

•96888 

•96666 

•97499 

•98888 

6-1 

•89869 

•90686 

-91508 

•92320 

•98187 

•98954 

•94771 

•95588 

96405 

5-3 

•88141 

88942 

•89748 

•90644 

•91846 

-92147 

-92948 

-98750 

•94661 

6*8 

•86*77 

•87264 

•88060 

-88886 

•89622 

•90408 

-91194 

91981 

-92767 

6*4 

*84876 

•85648 

•86419 

•87191 

•87962 

•88784 

•89506 

-90277 

-91049 

6-6 

•88888 

•84090 

1 

•84848 

•85606 

•86868 

•87121 

•87878 

-88686 

89898 

Con. 

Grains  per  Honr  Consumed  by  the  Sperm  Csndle. 

•mnption 

OfGM 

Feel  per 
Hour. 

119      1    120 

I 

121 

122 

128 

124 

126 

126          127 

4*6 

1'10186  I'lllll 

112087 

112962 

1*13888 

1^14814 

1-15740 

1*16666  117692 

4*6 

1*07789  1*08696 

1-09601 

1^10607 

1*11413 

112318 

1-18224 

1-14180  1116086 

4-7 

1-06496  1*06888 

107269 

1  08156 

1  09042 

109929 

1-10815 

1*11702  1-12588 

4*8 

1*08298  1-04166 

1^05084 

1-05902 

1  06770 

107688 

108506 

1*09875  1-10248 

4*9 

10U90  1  02040 

1-02891 

1-08741 

1-04591 

1  05442 

106292 

1*07142 

1-07998 

6*0 

•99166  1 •00000 

100888 

1-01666 

102499 

1-08388 

1-04166 

1  04999 

1*06832 

51 

•97222     •98089 

•96856 

•99678 

1-00490 

1  01807 

1-02124 

1*02941 

1-08768 

6*2 

•96852     *96158 

-96966 

•97766 

-98557 

•99358 

1-00160 

100961 

1-01762 

6-8 

•98558      94889 

•95125 

•96911 

-96698 

•97484 

•98270 

*99056 

•99842 

6*4 

•91820  !    92692 

•98864 

•94186 

-94907 

•95679 

•96450 

•97222 

-97993 

6*6 

*90151       90909 

•91666 

•92424 

•98181 

-98989 

•94696 

•95454 

*96212 

Can- 

nuDptioii 
ofOas 
Feel  per 

128 

129 

180      1    181 

132 

133 

184 

135 

•• 

4-6 

1*18518 

1-19444 

1-20870  |l*21296 

1*22222 

1  23148 

1-24074 

125000 

•  • 

4-6 

116942 

1-16847 

1*17758   118669 

1-19665 

1-20471 

1-21376 

1-22282 

4*7 

1-18476 

1*14861 

1-15248  1*16134 

1-17021 

1-17907 

1-18794 

1-19680 

4*8 

1*11111 

1-11979 

1*12847   1*13715 

114583 

1^16451 

1-16319 

1-17187 

4*9 

1-08848 

1-09698 

1*10644   111894 

112244 

1-13095 

1-13946 

1-14795 

6*0 

1*06666 

1-07600 

108888  1109166 

110000 

1-10833 

1-11666 

1-12500 

6*1 

104676 

105392 

1*06209  '1*07026   107848 

1-08660 

1-09477 

1*10294 

6*9 

102564 

1-08866  1*04166  104967  1106769 

1^06570 

1-07371 

1  08173 

6*8 

1-00628 

1-01415 

1*02301 

10298r7   1  08778 

1-04559 

1  05345 

1*06182 

6-4 

•96766 

-99587 

1-00808 

1  01080   1  01861 

1  02628 

1^03395 

1*04168 

6*6 

-96969 

•97727 

•98484 

-99242  100000 

1-00767  jl-01515 

1*02272 

*  Mr.  Sngg  has  also  pablished,  in  book  form,  a  series  of  osefol  pbotometrioal  tables  from  9*5 
to  310  oandles. 
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RuiiE. — Multiply  the  number  standing  beneath  the  number  of 
grains  consumed  by  the  candle,  and  opposite  the  number  of  feet  con- 
sumed by  the  gas-burner,  by  the  illuminating  power  as  read  off  from 
the  scale  of  the  photometer  ;  the  product  is  the  correct  value  of  the 
gas  reduced  to  the  standard  of  120  grains  per  hour  and  5  cubic  feet 
per  hour. 


THE    AERORTHOMETER. 


Fio.  162. 


The  Aerorthometer  (Fig.  162)  in- 
vented  by  Mr.  A.  Vernon  Harcourt, 
is  £ui  ingenious  instrument  for  cor- 
recting the  observed  volume  of  any 
portion  of  gas  to  its  normal  volume 
— Le.y  the  volume  it  would  have 
under  standard  conditions  of  temp- 
erature and  pressure.  A  reading  of 
this  instrument  furnishes  a  number 
expressing  the  ratio  between  the 
observed  emd  the  normal,  or  cor- 
rected, volumes  of  any  gas,  and 
serves  instead  of  reading  a  baro- 
meter and  thermometer  and  calcu- 
lating or  referring  to  a  table. 

It  consists  of  a  bulb  and  stem, 
like  a  thermometer,  containing  air 
enclosed  over  mercury.  The  mer- 
cury stands  at  a  certain  height  in 
the  stem,  and  rises  and  falls  as  the 
enclosed  air  contracts  or  expands 
with  changes  of  temperature  and 
atmospheric  pressure.  The  volume 
of  the  air  is  read  off  by  means  of  a 
scale  engraved  on  the  stem  and  on 
the  wood  behind  it.  Each  degree 
of  the  scale  marks  a  portion  of  the 
stem  whose  capacity  is  one-thou- 
semdth  part  of  the  volume  of  the 
enclosed  air  when  under  a  pressure 
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of  80  inches  of  mercury  and  at  a  temperature  of  00°  Fahr.  The  line 
at  which  the  mercury  stands  under  these  conditions  is  figured  accord- 
ingly 1000 ;  and  any  other  reading  of  the  instrument,  at  a  di£ferent 
pressure  or  temperature,  gives  the  volume  to  which  the  thousand 
volumes  have  been  expanded  or  contracted.  A  small  drop  of  water 
having  been  passed  into  the  bulb,  the  expansion  caused  by  a  rise  of 
temperature  includes  that  due  to  the  increased  tension  of  aqueous 
vapour. 

In  order  that  the  volume  of  air  enclosed  in  the  bulb  of  the  Aeror- 
thometer  may  be  measured  under  the  atmospheric  pressure,  a  second 
tube  is  placed  by  the  side  of  the  graduated  stem,  which  is  of  the  same 
calibre  and  connected  with  the  same  reservoir  of  mercury,  but  open 
above.  By  the  pressure  of  a  screw  upon  the  leathern  top  of  t^he 
reservoir,  the  mercury  is  raised  in  both  tubes ;  and  when  the  mercury 
stands  at  the  same  level  in  both,  the  enclosed  air  is  under  the 
atmospheric  pressure.  By  being  painted  white,  the  bulb  is  protected 
from  the  action  of  radiant  heat. 

Since  the  volume  of  any  portion  of  gas  contained  in  a  bolder  or 
passing  through  a  meter  near  which  an  Aerorthometer  is  placed, 
bears  the  same  relation  to  the  volume  the  gas  would  occupy  under 
standard  conditions  as  the  volume  read  on  the  stem  of  the  Aeror- 
thometer bears  to  1000,  the  figures  expressing  the  corrected  volume  of 
the  gas  may  be  obtained  by  multiplying  the  observed  volume  by  1000, 
and  dividing  it  by  the  Aerorthometer  reading.  Thus,  if  n  represents 
the  number  read  upon  the  instrument,  v  the  observed  volume  or  rate 
of  passage  of  the  gas,  and  V  the  corrected  or  normal  value,  then 

V  =  r'-^. 
n. 

The  instrument  must  stand  or  be  suspended  in  a  vertical  position 
near  the  meter  or  holder  whose  registration  it  is  to  be  used  to  correct. 
To  make  a  reading,  the  screw  is  to  be  turned  (if  necessary)  until  the 
mercury  stands  at  a  lower  level  in  the  open  tube  than  in  that  which 
is  graduated.  Then  the  screw  must  be  turned  slowly  in  the  oppo- 
site direction  until  the  mercury  is  exactly  level  in  both  tubes.  The 
level  of  the  mercury  read  upon  the  graduated  tube  gives  the  required 
number. 


Y  2 
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FOREIGN    AND    OTHER    (PROPOSED)    HOME 
STANDARDS  OF  LIGHT. 

The  sperm  candle  has  long  been  considered  an  unsatisfiiotory  stan* 
dard,  owing  chiefly  to  the  shadeof  colour  emitted  byit  differing  somewhat 
from  that  of  the  gas,  and  the  inequality  of  its  rate  of  consumption. 

Various  standards  of  light  have  been  advocated  from  time  to  time 
to  supersede  the  candle;  but  none  of  these  have  hitherto  been  adopted 
in  this  country. 

The  Garcel  lamp  is  the  standard  in  France;  the 
light,  equal  to  9*6  standard  sperm  candles,  being  pro- 
duced by  purified  colza  (rape)  oil,  burning  at  the  rate  of 
648  grains  per  hour.  The  upper  portion  of  this  lamp 
is  shown  in  section  in  Fig.  158 ;  and  the  dimensions  of 
its  various  parts  are  as  follows : — 

External  diameter  of  burner   .        *9055  inches. 
Internal  diameter  of  air-tube  .        6*692      „ 
External  diameter  of  air-tube  .       1*7912      „ 
Total  length  of  chimney    .     .     11*4170      „ 
Length  from  base  to  neck  of 

chimney 2-4015      ,. 

External  diameter  of  chimney 
at  level  of  neck  ....       1*8508      „ 
I  External  diameter  of  chimney 

}        \  at  top 1*8885      ,. 

Mean  thickness  of  the  glass  .  *07d7  ,. 
The  wick  used  is  that  known  as  <*  light-house  wick,"* 
and  the  plait  is  composed  of  75  strands  ;  a  piece  4  inches 
long  weighing  55*5  grains.  When  the  consumption  of 
oil  is  less  than  586  grains,  or  exceeds  710  grains  per 
hour,  the  trial  is  cancelled. 

The  German  normal  paraffin  candle  is  equal  to  1*05 

standard  sperm  candles.    It  has  a  diameter  of   20* 

Fig.  153.        millimetres,  and  is  made  of  the  purest  possible  paraffin, 

with  £ui  addition  of  2  per  cent,  of  stearine.     Its  wick  i» 

of  24  cotton  threads  plaited  as  uniformly  as  possible. 

The  Hefner-Alteniok  unit  equals  0*88  standard  sperm  candle,. 
being  the  illuminating  power  of  a  freely  burning  flame,  in  still 
pure  air,  supplied  by  a  section  of  solid  wick,  and  fed  with  amyl- 
acetate ;  the  wick-tube  being  circular,  and  of  German  silver,  measuring 
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6  millimetres  internal  and  8*8  millimetres  external  diameter,  and  25 
millimetres  high ;  the  flame  being  40  millimetres  high,  measured  from 
the  edge  of  the  wiok-tnbe,  at  least  ten  minutes  after  lighting  the  lamp. 


Flo.  155, 

/  Mr*  KeateB  inyented  a  mode- 
rator lamp  consuming  sperm  oil, 
and  yielding  a  light  equal  to  10 
aperm  candles,  which  he  advo- 
cated as  a  suitable  standard. 

The  most  ingenioui  standard 
proposed  is  that  of  a  portion  of 
the  gaa-flame  itself*  The  credit 
of  the  conception  is  shared  by 
both  Mr.  Fiddes  and  Mr.  John 
Methven,  who,  unaware  of  each 
other's  investigations,  conducted 
a  series  of  experiments  on  the 
same  lines. 

In  the  course  of  bisphotometri- 
calobservationatMr.  Fiddes  found 
that  if  a  circular  bole  about  i-inch 
diameter  were  made  at  a  given 
height  in  an  opaque  chimney, 
and  this  placed  over  an  argand 
flame  in  lieu  of  the  usual  glass 
chimney,  the  amount  of  light 
passing  through  the  hole  was  a 
constant  quantity,  notwithstand- 
ing variations  in  the  illuminat- 
ing power  of  the  gas. 
Mr.  Methven's  researches  led  him  to  a  similar  conclusion ;  his  later 
experiments  showing  that  the  amount  of  light  (equal  to  two  standard 
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Oftndles),  passing  through  a  slot  1  inch  long  and  i  inch  wide,  in  an 
opaque  screen,  is  constant  with  gases  ranging  from  15  to  20  candles 
power  ;  and  that,  when  either  common  or  cannel  gas  is  carburetted 

with  gasoline  (light  petroleum  spiriii,  boiling 
point  below  120°  Fahr.),  the  amount  of 
light  yielded  by  a  flame  2^  inches  long  is 
constant,  whatever  the  illuminating  power 
of  the  gas  employed.    As  the  result  of  this 
latter  discovery,  Mr.  Methven  uses  a  shorter 
and  wider  slot   for  the  carburetted  gas. 
Fig.  154  shows  the  Methven  standard  with 
the  long  and  short  slots  combined  on  the 
same  slide  for  the  ordinary  and  carburetted 
gas  respectively.    Fig.  155  shows  the  car- 
burettor fitted  with  bye-pass  arrangement, 
so  that  when  connected  to  the  gas-pipe 
supplying  the  Methven  standard,  either  ordi- 
nary gas  or  carburetted  gas  may  be  used. 
Photometrical  observations  are  greatly  sim- 
plified by  the  ease  with  which  it  can  be 
used,  the  saving  of  time  which  it  effects, 
and  the  avoidance  of  that  distraction  of 
mind  on  the  part  of  the  operator  which  is 
inseparable  from  the  employment  of  candles. 
In  the  Pentane  standard  of  Mr.  A.  Vernon 
Harcourt,  the  gas  employed  for  producing 
the  light  is  ''  a  mixture  of  air  with  that 
portion  of  American  petroleum  which,  after 
repeated  rectification,  distils  at  a  tempera- 
ture not  exceeding  122°  Fahr.     The  liquid 
thus  obtained  consists  almost  entirely  of 
penteme,  the  fifth  member  of  the  series  of 
paraffines."    Burning  at  the  rate  of  ^  a 
cubic  foot  per  hour,  this  gas  gives  a  flame 
which  yields  a  light  equal  to  that  of  the 
standard  candle. 
Mr.  Harcourt  has  devised  a  new  Pentane 
standard  lamp  on  a  differenb  principle  to  that  above  referred  to,  in 
WMich,  instead  of  a  mixture  of  pentane  and  air,  pentane  only  is  burned. 


Fig.  156. 
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The  lamp,  shown  in  Fig.  156,  resembles  an  ordinary  spirit  lamp,  with, 
the  chimney  added  to  keep  the  flame  steady,  and  raise  the  tempera- 
ture of  eombostion.  A  wick  is  employed,  not,  as  in  the  ordinary  lamp, 
at  the  point  of  ignition,  but  several  inches  from  it ;  its  use  being  to 
convey  the  liquid  pentane  by  capillary  acticm  to  the  part  of  the  tube  where 
volatilization  of  the  pentane  takes  place  by  the  warmth  conducted 
downwards  from  the  flame.  The  wick  is  enclosed  in  a  tnbe  jacketed  by 
another  tube  to  produce  a  steady  temperature ;  and  this  again  is 
covered  by  the  larger  tube  with  the  contracted  upper  end,  as  shown. 
The  chimney  is  moveable  for  adjustment  at  any  required  height. 

To  put  the  lamp  in  action,  first  remove  the  lower  tube,  and  having 
warmed  the  inner  tubes,  light  the  pentane  vapour,  as  it  rises  in  the 
smaller  one.  Put  on  the  large  tube  with  the  chimney  attached  ;  and 
the  top  of  the  flame,  on  raising  the  wick  slightly,  will  pass  into  the 
chimney. 

Two  narrow  slots  are  cut  in  the  chimney  on  opposite  sides,  so  that 
the  tip  of  the  flame  is  visible  through  either  of  them.  When  the 
chimney  is  set  at  a  definite  height  above  the  lower  tube,  and  the  flame 
is  adjusted  so  that  its  tip  is  between  the  upper  emd  lower  limits  of  the 
slots,  the  centre  porticm  of  the  flame  appearing  between  the  lower 
tube  and  the  chimney,  gives  a  definite  quantity  of  light. 

The  10-candle  Pentane  Argand,  which  is  the  latest  proposed  standard, 
is  the  result  of  the  combined  efforts  of  Mr.  A.  Vernon  Harcourt  and 
Mr.  Dibdin,  and  was  recommended  to  Parhament  in  1895  by  **  The 
Standards 'of  Light  Committee,*'  as  a  trustworthy  standard  for  official 
use  in  testing  the  illuminating  power  of  the  gas  supplied  by  the 
London  Gas  Companies. 

A  description  of  Mr.  Dibdin's  apparatus,  Fig.  157,  is  given  in 
Section  IX.  of  the  appendix  of  the  Committee's  Report  as  follows  : — 

The  apparatus  used  in  producing  this  standard  consists  of  two 
separate  portions,  viz<,  the  burner  and  the  carburettor. 

The  burner  is  a  specially  constructed  tricurrent  Argand  burner ;  the 
fMinnUr  steatite  ring  being  perforated  with  42  holes,  each  hole  being 
0-71  millimetre  in  diameter.  The  three  air  currents  are:  (1)  The 
central  current  rising  inside  the  steatite  to  the  inner  portion  of  the 
flame ;  (2)  a  current  rising  outside  the  steatite,  and  caused  to  im- 
pinge upon  the  flame  by  an  inner  metal  perforated  and  incurved 
cone,  the  top  of  which  is  level  with  the  top  of  the  steatite.  (8)  An 
outer  current  rising  on  the  outside  of  the  above  cone,  and  between 
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that  cone  and  the  glass  chimney.  The  inner  perforated  cone  is 
punctured  with  ten  apertures,  0*25  inch  in  diameter,  which  are  pro* 
Tided  for  the  purpose  of  equalizing  the  two  outer  currents  of  air  as 
may  be  required  to  suit  the  height  of  the  flame. 

The  glass  chimney  is  carried  in  the  groove  provided  on  the  outer 
cone,  which  answers  the  purpose  of  a  gallery ;  the  dimensions  of  the 
chimney  being  6  inches  high  and  1^  inches  inside  diameter. 


Fio.  167.    Dibdin'8  10-Candle  Pbntanx  Aboand. 
Measurements  of  Burner, 

Nnmber  of  boles 42 

Diameter  of  holes 0*71  mm. «  0*028  ins. 


Inside  diameter  of  BteaUte 9*90 

Onteide  diameter  of  steatite 19*05 

Diameter  of  inside  of  metal  cone  at  top   .     .  23*62 

Chimney,  length 162*40 

inside  diameter 8810 

Height  of  cnt-ofl 54*61 


=  0*890 
=  0*760 
=  0*980 
=  6*000 
=  1*600 
=  2*160 
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The  centre  of  the  flame  to  be  immediately  over  the  terminal  of  the 
photometer-bar. 

The  top  of  the  flame  should  be  maintained  as  nearly  as  possible  at  8 
inches  above  the  steatite,  this  point  being  indicated  by  the  wir^  crossing 
the  blue  glass  screens  carried  on  each  side  of  the  burner  on  the  metal 
eupports.  The  flame  is  steadied  by  the  small  air  directing  cone 
situated  centrally  beneath  the  steatite,  the  apex  being  0*08  inch 
below  the  metal  support  carrying  the  steatite. 

On  the  side  of  the  burner  to  be  presented  to  the  photometw  disc,  a 
metal  screen  8^  inches  in  height  is  placed  and  screwed  securely  to  the 
base  plate.  The  middle  portion  of  tiiis  screen  is  cut  away  so  as  to 
leave  above  the  top  of  the  steatite  burner  an  opening  2*15  inches  in 
height  and  1*4  inches  in  width,  the  lower  portion  of  this  opening 
being  exactly  level  with  the  top  of  the  steatite.  The  light  emitted 
horizontally  through  this  opening  by  the  flame  produced  by  the 
combustion  of  the  gaseous  mixture  of  atmospheric  air  and  pentane, 
formed  in  the  carburettor  described  below,  is  used  as  the  standard  of 
light.  It  is  equal  to  the  light  emitted  by  10  parliamentary  sperm 
candles. 

The  lower  portion  of  the  screen  has  an  opening  1  inch  wide  by  2-8 
inches  in  height,  to  allow  free  access  of  air  to  the  under  portion  of  the 
burner. 

The  position  of  the  burner  in  relation  to  the  photometer  disc  is  to 
be  fixed  by  the  burner  fitting  gas-tight  into  a  febced  joint  attached  to 
the  photometer  at  the  required  point ;  and  the  burner  is  to  be  set  at 
such  a  height  that  the  centre  of  the  illuminated  disc  and  the  bottom 
^ge  of  the  cut-ofif  shall  be  in  the  same  horizontal  plane.  The  length 
of  the  connection  between  the  burner  and  carburettor  may  be  varied, 
but  should  not  be  more  than  5  feet.  The  centre  of  the  flame  is  to 
be  immediately  over  the  terminal  point  of  the  photometer-bar. 

The  carburettor  for  the  10-candle  Pentane  Argand  consists  of  a 
circular  vessel  constructed  of  tinned  plate,  208*2  mm.  (8  inches)  in 
diameter,  and  60*8  mm.  (2  inches)  in  depth,  having  a  spiral  division 
£5*4  mm.  (1  inch)  in  width.  This  division  is  made  by  soldering  a 
strip  of  metal,  4  ft.  6  in.  in  length  and  2  inches  wide,  gas  tight,  to  the 
under  side  of  the  top  of  the  carburettor ;  so  that  when  the  top  is  fixed 
on,  the  bottom  of  the  strip  comes  close  to  the  bottom  of  the  vessel,  and 
is  sealed  by  the  pentane,  so  that  the  air  has  to  pass  over  pentane  for  a 
distance  of  about  4  ft.  6  in.  and  becomes  thoroughly  saturated.    At 
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the  end  of  the  spiral  diyision,  near  the  side  of  the  carburettor,  a  bird 
fountain  is  fixed  for  charging  the  carburettor,  and  keeping  it  charged 
at  a  constant  level  with  liquid  pentane.  The  lower  end  of  the  liquid 
fountain  tube  is  closed,  and  rests  upon  the  bottom  of  the  tank* 
Through  the  side  of  the  tube,  which  is  0*4  inch  (10-1  mm.)  in 
diameter,  16  holes,  1  mm.  in  diameter,  are  bored  close  to  the  bottom, 
and  through  these  the  pentane  enters  the  carburettor.  At  the  inside 
of  the  inlet  tube,  1  inch  from  the  lower  end,  a  small  tube,  8  mm.  in 
diameter  and  20  mm.  in  length,  is  connected  thereto  and  turned 
upwards.  The  fountain  inlet  tube  is  carried  up  through  the  top  of 
the  carburettor,  and  continued  in  the  form  of  a  bulb  having  a  capacity 
of  about  200  c.c.  Stopcocks  are  provided  at  the  top  and  bottom  of 
the  bulb,  for  convenience  in  filling  with  pentane ;  and  the  portion 
above  the  upper  stopcock  is  opened  out  in  a  funnel  shape  for  the  same 
purpose.  When  the  carburettor  is  being  charged,  the  gas  must  be 
extinguished  to  avoid  the  risk  of  the  vapour  firing  and  causing  an 
explosion. 

The  inlet  for  gas  or  air  is  at  the  side  of  the  carburettor  and  at  the 
terminal  of  the  spiral  division,  the  outlet  being  placed  in  the  centre  of 
the  vessel  so  that  the  air  or  gas  may  travel  over  the  liquid  pentane 
throughout  the  whole  length  of  the  spiral  division,  and  thus  become 
fully  charged  with  the  volatile  vapour  of  the  pentane. 

When  using  this  standard  the  pentane  must  be  visible  in  the  foun- 
tain bulb. 

Mr.  A.  Vernon  Haroourt's  new  10-candle  pentane  lamp,  Fig.  168,^ 
(for  the  sale  of  which  Alexander  Wright  and  Co.,  Limited,  have  been 
appointed  sole  agents),  embodies  the  latest  and  ripest  ideas  of  what  is 
required  in  a  perfect  standard  of  light,  viz. :  That  it  should  be  simple 
in  construction,  efficient  in  action,  and  easy  of  manipulation.  In  this 
instrument,  besides  other  marked  improvements  in  the  direction  of 
simplicity,  the  pentane  is  fed  to  the  burner  by  gravitation  from  the 
vessel  on  the  upper  end,  thus  ensuring  great  regularity  of  flame,  a 
matter,  obviously,  of  the  utmost  importance  in  a  light  standard. 

The  inventor  gives  the  following  instructions  for  putting  the  lamp  in 
action : — 

The  lamp,  having  been  placed  in  the  position  it  is  to  occupy,  with 
the  reservoir  of  pentane  half  full  upon  the  bracket,  is  levelled  by 
observing  that  the  height  of  the  pentane  against  the  glass  is  the  same 
on  both  sides.     Its  height  is  then  adjusted  so  that  the  bottom  of  the 
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ohimney-tube  is  at  the  same  height  above  the  bench  or  table  as  the- 
eentre  of  the  disc  or  photoped.  The  distance  between  the  top  of  the 
burner  and  the  bottom  of  the  chimney-tube  is  set  at  47mm.  (1*85- 
inohes),  and  is  accurately  centred,  by  means  of  a  cylindrical  wooden 
block.    To  light  the  lamp,  the  two  stopcocks  of  the  reservoir  are 

opened,  and  the  india-rubber  tube  is 
alternately  pressed  and  relaxed  a  few 
times,  that  pentane  vapour  may  pass 
into  it.  The  pinchcock,  which  has  been 
closed,  is  then  gradually  opened,  and  the 
lamp  is  lit.  The  top  of  the  flame  should 
rise  about  an  inch  above  the  bottom  of 
the  chimney-tube.  The  light  given  by 
the  flame  below  the  chimney-tube  is  the 
aame  as  long  as  the  top  of  the  flame, 
looked  at  horizontally  through  the  talc 
window,  is  above  the  bottom  of  the  win- 
dow, and  does  not  reach  the  crossbar. 
To  put  out  the  lamp,  the  stopcocks  and 
pinchcock  are  closed.  The  original  adj  ust- 
ments  need  only  be  repeated  when  the 
lamp  has  been  moved.  The  small  cone 
which  is  placed  round  the  flame,  to 
steady  and  screen  it,  has  its  opening 
turned  in  the  direction  in  which  the 
beam  of  light  is  to  go.  If  the  lamp- 
black coating  should  be  rubbed  off  the 
inside  of  the  cone,  it  must  be  renewed. 
The  lamp  should  be  lit  a  quarter  of 
an  hour  before  it  is  used,  and  the  height 
of  the  flame  adjusted  from  time  to  time 


Fio.  158.   Habcoubt's  10-Gandle 
Pemtane  Bubnsb. 


by  a  small  movement  of  the  pinchcock. 


JET    PHOTOMETERS. 

The  three  following  instruments,  which  are  each  employed  to  de- 
termine the  illuminating  value  of  gas,  though  only  approximately 
correct  in  their  indications,  are  yet  sufficiently  trustworthy  to  render 
them  useful  and  valuable  auxiliaries  to  the  more  absolute  method  of 
testing  already  described. 
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Their  great  recommendations  are  their  portability,  and  the  ease 
and  celerity  with  which  the  illuminating  power  can  be  ascertained  by 
their  aid. 

Their  action  depends  on  the  relation  which  the  specific  gravity  of 
the  gas  bears  to  its  illuminating  power.  The  flame  being  kept  at 
a  given  height,  the  pressure  required,  and  therefore  the  rate  of  con- 
sumption, will  vary  according  to  the  density  of  the  gas  and  its  con- 
sequent illuminating  value. 

Tlie  Jet  Photometer, 

Lowe's  jet  photometer,  as  improved  by  Sugg  and  Eirkham  (Fig.  159), 
4iffords  a  ready  means  of  ascertaining,  by  a  momentary  inspection^ 


Fig.  169. 

whether  the  gas  being  produced  is  uniform  in  quality.  The  apparatus 
consists  of  a  King's  gauge  of  delicate  construction,  with  its  semi- 
circular scale  indicating  the  pressure.  A  steatite  jet  having  a  fine 
orifice  is  fixed  at  the  top  of  this,  and  the  gas  issuing  therefrom,  and 
being  lighted,  gives  a  flame  which  should  be  constantly  maintained 
at  7  inches. 
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The  scale  shown  in  Fig.  160  is  for  gas  of  14  to  19  candles  illumi- 
nating power.  The  same  scale  is  used  for  20,  25,  or  80  candle  gas^. 
bat  with  a  different  jet,  and  a  lesser  consumption  per  hour,  the  gauge 
pointing  to  the  place  where  the  figure  16  stands,  but  with  the  number 
changed  to  20,  25,  or  80,  conforming  to  the  standard  quality  of  the 
gas  to  be  supplied  according  to  the  Special  Act  of  Parliament. 

The  range  of  the  jet  is  necessarily  short.  It  is  correct  at  the  gauge 
point,  but  with  a  slightly  increasing  error  on  the  numbers  above  and 
below — the  error  being  against  the  gas  in  going  up,  and  in  favour  of  it 
in  going  down.  This  is  due  to  variations  in  the  pressure — increasing 
or  diminishing — at  the  point  of  ignition.  Within  the  degrees  marked 
on  the  scale,  however,  this  error  is  not  important. 

The  gas-tap  is  shown  on  the  right  side  of  the  instrument.  The 
small  cylinder  on  the  left  side  is  in  communication  with  the  water- 
cistern  in  the  body  of  the  gauge,  and  contains  a  compensator,  which,. 


Fig.  160. 

on  being  screwed  up  or  down  as  required,  adjusts  the  water-line, 
so  that  the  pointer  of  the  gauge  stands  at  zero  when  the  gas-tap  is 
closed. 

8ugg*8  Illuminating  Power  Meter. 

This  instrument  is  shown  in  Fig.  161,  and,  as  the  name  indicates, 
is  used  for  ascertaining  the  illuminating  power  of  gas.  The  mode  of 
putting  it  in  operation  is  as  follows : — Having  filled  it  up  to  the  water 
line  scratched  on  the  glass  in  the  small  box  on  the  right  side,  connect 
it  to*  the  gas  supply  with  a  piece  of  metal  tube.    The  inlet  is  a  ground 
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onion  joint,  fixed  in  the  centre  of  the  back  of  the  instrument.  Turn 
the  lever  so  as  to  make  the  gas  pass  through  the  measuring-drum,  and 
let  it  get  rid  of  all  the  air,  or  other  kind  of  gas  in  it.    Light  the 

burner  and  adjust  the  flame  to  8  inches 
in  height.  Then,  when  the  large  hand 
arrives  at  16,  change  the  position  of  the 
lever,  so  as  to  make  the  gas  pass  to  the 
burner  without  going  through  the  measur- 
ing-drum. The  large  hand  will  then  stop 
at  16.  Wind  up  the  clock  by  means  of 
the  remontoir  on  the  top  of  the  meter  just 
in  the  rear  of  the  dial  ring.  Start  the 
clock  by  moving  the  slide  which  is  on  the 
left  of  the  meter,  close  to  the  governor. 
Then,  when  the  hand  of  the  clock  is 
passing  any  one  of  the  divisions  of  the 
minute,  change  the  position  of  the  lever 
of  the  bye-pass,  so  as  to  make  the  gas 
pass  through  the  meter.  When  the  hand 
has  made  one  complete  revolution,  stop 
the  meter  by  means  of  the  lever,  in  the 
manner  before  described,  and  read  oflf  the 
illuminating  power.  The  minute  clock 
should  not  be  stopped  either  before  or 
after  the  observation,  unless  it  is  desired  to  put  the  clock  entirely 
at  rest. 

Thorp  and  Tashers  Jet  Photometer. 

This  is  an  ingenious  and  handy  instrument  (Fig.  162),  for  enabling 
the  illuminating  value  of  the  gas  to  be  ascertained  from  inspection  at 
any  time  and  place.  It  is  well  understood  that  the  quantity  of  gas 
passed  in  a  given  time  will  bear  a  proportion  to  the  size  of  the  orifice 
(this  is  the  principle  on  which  the  aerorheometer  is  made — a  useful 
instrument  by  the  same  inventors  for  indicating  the  quantity  of  gas 
consumed  by  different  burners,  &c.) ;  and  further  that  the  gas-flame 
being  maintained  at  a  given  height,  the  quantity  of  gas  consumed,  and 
the  pressure,  will  vary  as  the  illuminating  power.  A  moveable  or 
floating  disc  inside  the  glass  tube  regulates  the  size  of  the  orifice,  and 
its  position  in  the  tube,  corresponding  to  the  graduations  of  the  scale 
at  the  side,  indicates  the  illuminating  value. 


Fig.  161. 
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VARIATIONS    IN    THE    ILLUMINATING    POWER 

OF    GAS. 

Most  gas  managers,  in  the  course  of  their 
experience,  must  have  observed  variations, 
sometimes  considerable,  in  the  illuminating 
power  of  their  gas,  for  which  they  have  been 
unable  satisfactorily  to  account.  These  varia- 
tions are  unquestionably  due,  to  a  great  extent, 
to  changes  of  atmospheric  pressure.  When 
the  pressure  is  augmented,  the  luminosity  is 
increased,  and  vice  versa.  To  determine  this 
point,  Dr.  Frankland  instituted  a  series  of  im- 
portant experiments,  of  which  the  following  are 
the  results : — 

Pressure  of  Air  in  Observed 

Inches  of  Mercury.            ninwiinating  Power. 
80-2 1000 


28-2  . 
26*2  . 
24-2. 
22-2  . 
20-2  , 
18-2 
16-2  . 
14-2  . 
12-2 
10-2. 


91-4 
80-6 
73-0 
61-4 
47-8 
87'4 
29*4 
19-8 
12-5 
8-6 


The  diminution  of  luminosity  follows  a  fixed 
and  definite  law,  which  may  be  thus  expressed : 
The  decrease  in  illuminating  power  is  directly 
proportional  to  the  decrease  of  atmospheric 
pressure.  Of  100  units  of  light  emitted  by  a 
gas-flame  burning  in  air,  5*1  units  are  ex- 
tinguished by  each  reduction  of  1  mercurial 
inch  of  atmospheric  pressure.  On  the  other 
hand,  if  a  lightless  flame  be  made  to  bum 
under  augmented  pressure  it  becomes  luminous. 
The  chief  cause  of  the  difference  is  the  increase  in  the  volume,  and 
thereforo^ecrease  of  the  density,  of  those  heavy  hydrocaroons  to  which 
the  luminosity  of  a  gas-flame  is  attributed  when  the  atmospheric 
pressure  is  reduced,  and  vice  versa. 


Fio.  162. 
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TABLE 

Showing  the  Percentage  of  Loss  of  Light  by  Mining  Air  with  Coal  Gas. 


Per  Cent. 
Air. 

1  .  . 

2  .  . 
8  •  . 
4  .  . 
6  .  . 

6  .  . 

7  .  . 


lioss  of  Light. 

Percent. 
.     .      6 
.     .     11 
.     .    18 
.     .    26 


14 

68 


Per  Cent. 
Air. 

8  . 

9  . 
10  . 
16  . 
90  . 
80  . 
40  . 


Loss  of  Light. 

Percent. 
.  .  68 
.  .  64 
.  .  67 
.  .  80 
.  .  98 
.  .  98 
.     .  100 


TABLE 


Comparing  (approximately)  the  Specijic  Gravity  of  Gas  (Air  being  I'OOO) 
wWi  tJie  Illuminating  Power  in  Standard  Sperm  Candles, 


Mo.  of                             Spec.  1 

Cndls.                             Or»y.  | 

20  equal  to  aboat 

608 

21              „ 

622 

22 

687 

28 

660 

24 

666 

26 

686 

26 

606 

27 

-626 

28 

•646 

29 

-662 

No.  of 

Spec. 

Cndls. 

Or»T. 

80  equal 

to  about  '678^ 

81 

•694 

82 

•70ft 

88 

•722 

84 

•788 

86 

•766 

86 

•775 

87 

•790* 

Mo.  of  Spec. 

Cndls.  Orav. 

10  equal  to  about  880 

11  „  -892 

12  ..  -406 
18  „  -416 
14  „  480 
16  ,.  448 

16  „  -466 

17  „  -468 

18  „  -462 

19  „  -496 

THE    SPECIFIC    GRAVITY    OF    GAS. 

Specific  Gravity  a  Test  of  Quality, 

IS  coal  gas  is  free  from  carbonic  acid,  sulphoretted  hydrogen,  and. 
air,  specific  gravity  is  a  proper  test  of  quality  ;  the  denser  it  is,  the 
greater  will  be  its  illuminating  power — increase  in  weight  and  light- 
giving  property  being  due  to  the  presence  of  a  larger  proportion  of 
defiant  gas  and  the  other  richer  and  heavier  hydrocarbons. 

Ordinary  Method  of  Determining  the  Specific  Gravity. 

The  apparatus  required  in  determining  the  specific  gravity  of  ga» 
are  a  thin  glass  globe  of  about  100  cubic  inches  capacity,  with  two 
stopcocks  on  opposite  sides,  a  good  air-pump,  and  a  very  delicate 
balance.  The  experimental  room  should  also  be  furnished  with  a 
barometer,  showing  the  atmospheric  pressure,  and  thermometers  indi- 
cating the  temperature  both  of  the  air  and  gas.  The  method  of  mani- 
pulation is  as  follows  : —  * 

First. — Open  the  two  stopcocks  ;  the  globe  will  then  be  full  of  air 
at  the  atmospheric  pressure  and  temperature.  Carefully  weigh  the- 
globe  while  in  this  state,  and  make  a  note  of  the  weight. 
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Second. — Attach  the  globe  by  one  of  the  stopcocks  to  the  air- 
pomp,  close  the  other  stopcock,  and  exhaust  it  as  perfectly  as  possible. 
Having  closed  the  stopcock,  remove  the  globe  and  weigh  it  in 
its  exhausted  state.  Suppose  that  it  now  weighs  81*5  grains  lesa 
than  before,  then  these  81*5  grains  represent  the  weight  of  the  air 
abstracted. 

Third. — Now  attach  the  globe  either  to  an  experimental  gasholder 
or  to  a  gas-pillar  connected  by  a  pipe  to  the  main,  and  fill  the  globe 
with  the  gas.  When  full,  remove  it  and  weigh  it  a  third  time.  Sup- 
pose that  the  weight  is  now  14*2  grains  more  than  when  in  its 
exhausted  state,  then  these  14*2  grains  represent  the  weight  of  the 
contained  gas.  Then,  as  81*5  (the  weight  of  the  air)  is  to  14*2 
(the  weight  of  the  gas),  so  is  1*000  (the  specific  gravity  of  the  air)  to 
the  specific  gravity  of  the  gas.  Or  divide  the  weight  of  the  gas  by 
the  weight  of  the  air,  and  the  quotient  is  the  specific  gravity  of  the 
gas;  thus — 

14*2 
—  =s  *450,  specific  gravity  of  the  gas  compared 

with  air  as  unity,  or  1-000. 

Dr,  Letheby^s  Method  of  Determining  the  Specific  Gravity. 

With  Dr.  Letheby's  apparatus  (Fig.  168)  the  use  of  the  air-pump 
is  dispensed  with.  It  consists  of  a  similar  glass  globe 
about  six  inches  in  diameter,  furnished  with  two  stop- 
cocks, to  one  of  which  is  attached  a  glass  tube  half 
an  inch  in  diameter  and  7  inches  long,  fitted  with  a  jet 
for  burning  the  gas,  and  having  a  thermometer  inside  of 
W  the  tube  to  indicate  the  temperature.    The  other  stop- 

mr  cock  can  be  attached  by  a  suitable  nozzle  to  a  gas- 

J^^        pillar,  and  in  practice  the  gas  is  kept  flowing  through 
^^^^k       the  apparatus,  being  consumed  firom  the  jet  at  the  upper 
■    ^^B      end.    The  exact  weight  of  the  globe  when  full  of  air  at 
^^^^V      mean  temperature  and  pressure  is  engraved  upon  it  ; 
^^^^        and  a  counterpoise  weight  is  provided,  exactly  equal  to 
I  the  weight  of  the  globe  when  exhausted. 

v9  When  it  is  required  to  determine  the  specific  gravity 

Fio.  168.        ^^  ^®  ^^'  ^^^  lower  or  supply-cock  is  first  closed,  and 
the  upper  one  immediately  afterwards.    This  order  is 
necessary  to  be  observed  in  the  shutting  of  the  cocks,  because  if  the 
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upper  one  were  first  closed,  the  gas  within  the  globe  would  be  at  the 
pressure  of  the  gas  within  the  main,  instead  of  that  of  the  atmosphere. 
The  globe  is  then  placed  in  the  balance,  and  a  sufficient  number  of 
grains  and  fractional  parts  added  to  the  pan  containing  the  counterpoise 
weight  to  equalise  the  beam.  Suppose  that  it  takes  fifteen  grains,  then 
these  represent  the  weight  of  the  gas,  and  say  that  the  globefiil  of  air 
weighs  85  grains,  then — 

15 
-gg-  =*429,  the  specific  gravity  of  the  gas.  . 

But  it  is  necessary  in  making  such  observations  to  correct  the  volume 
of  gas  to  mean  temperature  and  pressure,  and  to  allow  for  the  moisture 
present  in  all  aeriform  bodies  in  contact  with  water.  To  these  points 
the  observations  which  follow  apply. 

CORRECTIONS    FOR    TEMPERATURE, 
BAROMETRIC    PRESSURE,    AND    MOISTURE. 

Owing  to  the  contraction  and  expansion  which  take  place  in  the 
bulk  of  all  aeriform  bodies,  due  to  the  variations  in  atmospheric  tem- 
perature and  pressure,  it  is  necessary,  when  estimating  and  comparing 
their  volume,  to  adopt  one  common  temperature  and  barometric 
pressure  as  the  standard.  The  mean  temperature  of  60°  Fahr.  and 
SO  inches  of  mercury  have  been  adopted  as  the  most  convenient,  and 
to  this  standard  their  volume  is  accordingly  reduced.    -  For  example : 

Correction  for  Temperature* — ^AU  aeriform  bodies  expand 
l-491*4th  part  of  their  volume  at  82°  Fahr.  for  every  degree  of  increase 
of  temperature  (l-278rd  of  the  volume  of  the  gas  at  0°  Centigrade  for 
«ach  degree  of  the  same  scale).  Now  suppose  it  is  required  to  ascer- 
tain what  volume  1000  cubic  feet  of  gas  at  68°  will  occupy  at  60°  the 
mean  temperature.  We  know  by  the  above-mentioned  law  that  a 
quantity  of  gas  which  at  82°  is  491  -4  parts,  will  at  60°  become  519-4 
(60-82=28-1-491  •4=619-4)  and  at  68°,  627-4  (68-82=86+491-4= 
527-4),  then— 

1000x619-4^  ^34-88  cubic  feet. 
527-4 

Or,  again,  if  it  is  required  to  know  the  volume  which  1000  ciAic  feet 

of  gas  at  56°  will  occupy  at  60°,  then— 

1000x619-4       -^-  -^      v    /    A 

,,.,   . =  1007-76  cubic  feet. 

515*4 
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Correction  for  Pressure. — The  amount  of  decrease  or  increase  in 
volume  is  inversely  as  the  pressnre.    To  ascertain  what  volume  1000 
•eubie  feet  of  gas  at  28*5  inches  will  occupy  when  the  mercury  stands 
at  80  inches,  the  mean  barometric  pressure,  then — 
1000x28-6 


80 


950  cubic  feet. 


Or,  again,  if  it  is  desired  to  ascertain  the  volume  which  1000  cubic 
feet  of  gas  at  80*6  inches  will  occupy  at  80  inches,  then — 
1000x80*6 


Or, 


30 


=  1020  cubic  feet. 


Correcting  at  Once  for  Temperature  and  Pressure. — Suppose 
it  is  required  to  ascertain  what  volume  1000  cubic  feet  of  gas  at 
72°  temperature  and  29*8  inches  pressure  will  occupy  at  standard 
temperature  and  pressure,  then — 


1000  X 


619*4  .,  29*8 


531-4 


30 


=  970*90  cubic  feet. 


Correction  for  Moisture. — It  has  been  proved  by  experiment 
that  one  cubic  inch  of  permanent  aqueous  vapour  at  the  mean 
temperature  of  60^,  and  the  mean  pressure  of  80  inches,  weighs 
-1929  grains ;  and  the  following  Table,  founded  on  the  researches 
of  Dalton  and  Ure,  and  given  by  Faraday  in  his  **  Chemical  Mani- 
pulation,'' shows  the  proportion  by  volume  of  aqueous  vapour  existing 
in  any  gas  standing  over  or  in  contact  with  water,  at  the  different 
temperatures  indicated,  and  at  a  mean  barometric  pressure  of 
^0  inches. 

Proportion  of 

Vapour  in 

One  Volume 

of  Gas. 
.  -02406 
.  -02483 
.  -02566 
.  -02653 
.  -02740 
.  -02830 
.  -02923 
.  -03020 
.  -03120 
.  -03220 
.  -03323 
.  -08423 
.  -03533 

z  2 


] 

Proportion  ot 

Temp. 
Deg.  Fahr.    ( 

Vapour  in 

One  Volume 

of  Gas. 

Temp. 
Deg.  Pahr. 

Vapour  in 

One  Volume 

of  Gafl. 

Temp. 
Deg.  Pahr. 

40  .  . 

•00988 

64  .  . 

.  •01688 

68  .  . 

41  .  . 

•00973 

66  . 

.  •01686 

69  .  . 

42  .  . 

•01018 

66  . 

.  -01640 

70  .  . 

43  .  . 

•01068 

67  . 

.  -01698 

71  .  . 

44  .  . 

•01098 

68  . 

.  ^01768 

72  .  . 

45  .  . 

•01188 

69  . 

.  •oisio 

78  .  . 

46  .  . 

-01173 

60  . 

.  •01866 

74  .  . 

47  ..  . 

•01218 

61  . 

.  ^01928 

76  .  . 

48  .  . 

•01268 

62  . 

,  •oigeo 

76  .  . 

49  .  . 

-01298 

68  . 

.  -02060 

77  .  . 

50  .  . 

•01888 

64  . 

.  -02120 

78  .  . 

61  .  . 

•01880 

66  . 

.  .  -02190 

79  .  . 

52  .  . 

01426 

66  . 

.  -02260 

80  .  . 

53  .  . 

•01480 

67  . 

.  -02380 

—  .  . 
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To  determine  by  means  of  this  table  the  quantity  of  aqueous 
vapour  present,  it  is  necessary  to  multiply  the  volume  of  the  gas 
by  the  tabular  number  corresponding  to  the  temperature,  thus: — 
Suppose  100  cubic  inch^  of  gas  weigh  16  grains  at  the  temperature^ 
of  72^,  and  at  mean  barometric  pressure,  then,  according  to  the 
table,  the  volume  of  aqueous  vapour  present  is — 
100  X  '02740  =  2-74  cubic  inches. 

This  corrected  to  mean  temperature  will  be 

2'74xf^?'^t??  =  2-678  cubic  inches. 
491*4+40 

Now,  with  respect  to  the  volume  of  the  gas,  100  cubic  inches  at  72^' 

are  equal  to — 

lOOx  t?^4^t|^  =  97-7  cdbic  inches  at  a  temperature  of  60=^ 
491-4+40  ^ 

Hence  97-7— 2*678  =  95*022  cubic  inches,  the  volume  of  dry  gas  at 
mean  temperature  and  pressure. 

To  arrive  at  the  weight  of  the  volume  of  dry  gas,  the  volume  of 
aqueous  vapour  must  be  multiplied  by  *1929  grains,  the  weight  of  a 
cubic  inch  of  permanent  aqueous  vapour,  as  before  stated,  and  thC' 
product  deducted  from  the  total  weight  of  16  grains ;  thus — 
16  -  (2-678  X -1929) =16*488  grains.  * 

Then  for  the  weight  of  100  cubic  inches  of  dry  gas  we  have — 

16*488  X 100       1  ^.oQQ  ,^ .  „ 
96*022       =1^-293  grams. 

And  as  100  cubic  inches  of  air  at  mean  temperature  and  pressure 

weigh  81  grains,  we  have — 

16*298 

— g__  =  *526,  as  the  specific  gravity  of  the  gas. 
ol 

If,  instead  of  making  the  correction  for  moisture,  it  is  preferred  ta 
dry  the  gas  as  it  passes  into  the  globe,  this  may  be  done  by  causing  it 
to  flow  through  a  glass  tube,  half  an  inch  in  diameter  and  about  18  to 
20  inches  long,  containing  pieces  of  dry  calcium  chloride ;  that  sub- 
stance having  a  strong  affinity  for  moisture.  Before  using,  the 
chloride  of  calcium  should  be  fused  in  an  earthenware  crucible  at  a. 
low  temperature,  then  poured  on  a  clean  stone  surface,  and  as  soon  as 
cold,  broken  in  pieces  and  put  in  the  tube.  The  gas  in  passing  through 
the  tube  to  fill  the  globe  should  be  made  to  travel  slowly  ;  about  15 
minutes  being  the  usual  time  allowed. 
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Wright's  Method  of  Determimng  tlis  Specific  Gravity, 

For  ascertaining  the  specific  gravity  of  gas,  Mr.  Wright  used  a 
light  balloon  (Fig.  164),  capable  of  containing  one  cubic  foot  or 
1728  cubic  inches. 

His  directions  for  performing  the  experiment  are 
as  follows : — 

Expel  the  air  from  the  balloon  by  folding  it  in 
the  form  in  which  it  is  first  received,  ascertain  the 
weight  of  the  balloon  and  car,  fill  the  balloon  with 
gas,  insert  the  stopper,  and  put  as  many  grains  "^  in 
the  car  as  will  balance  it  in  the  air;  add  the 
number  of  grains  which  it  carries  to  the  weight 
of  the  balloon,  and  deduct  the  amount  from  the  Fio.  164. 
tabular  number  corresponding  to  the  degree  of 
temperature  indicated  by  the  thermometer,  and  the  pressure  indicated 
by  the  barometer  (pp.  814-15) ;  divide  the  result  by  the  tabular  number 
due  to  the  temperature  and  pressure  of  the  gas  (to  ascertain  which, 
allow  the  gas  to  blow  upon  the  bulb  of  the  thermometer  until  the 
mercury  is  stationary),  and  the  first  three  figures  are  the  specific 
gravity. 

FXAMPUS    I. 

Temperature  of  the  air   ....  70°)  _  ,    ,  ,      ««. 

Barometer 28-6  in.F*^^^^^l^^^'924. 

Temperature  of  the  gas    ....         J^^l  Tabular  nmnber,  969. 
Barometer  always  the  same  as  air    .     28-5  m.) 

Weight  of  balloon  and  grains  in  car,  560. 
Then— 

^^tlcf^  =  '^79,  the  specific  gravity. 

Example  II. 
Temperature  of  the  air       .     .     .  40°\_,,    ,  ,       ,^^„ 

Barometer 80-6  in.}^*'"^"  °'^^«'^'  ^067. 

Temperature  of  the  gas      ...  62°|T^^,^^^  ^^^    1012 

Barometer  always  the  same  as  air     80*5  m. ) 

Weight  of  balloon  and  grains  in  car,  560. 

*  The  weights  used  are  not  troy  grains,  100  of  them  being  eqnal  to  68*56  troy 
grains ;  they  are  each  eqnal  to  1*728  onbic  inches  of  air,  when  the  barometer  is  at 
30  inches,  and  the  thermometer  at  60°. 
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Then— 


1067  -  560 
1012 


=  '501,  the  spedfio  gravity. 


Luxs  Specific  Oravity  Apparatus. 

The  gas-balance,  shown  in  Fig.  165,  for  determining  the  specific 
gravity  of  illuminating  gas,  is  the  invention  of  Mr.  Frederick  Lux. 


Fio.  165. 

It  is  constructed  on  the  principle  of  the  common  lever-balance,  with 
a  curved  scale  attached  by  means  of  a  coupling-rod  to  the  standard. 
The  scale  is  graduated  from  0  to  1 ;  and  the  tongue  or  pointer,  moving 
in  dose  proximity  thereto,  enables  the  operator  to  take  a  direct  read- 
ing of  the  specific  gravity  of  the  gas  under  examination. 

Instead  of  consuming  the  gas  through  the  vertical  tube,  a  pipe  can 
be  arranged  to  convey  the  gas  to  the  photometer  for  the  purpose 
of  testing  its  illuminating  power. 

To  Find  the  Weight  in  Pounds  of  any  Quantity  of  Gas  at  60^  Fahr,  and 
80  in.  Bar,,  the  Specific  Gravity  being  known. 

BuLE. — Multiply  the  quantity  in  feet  by  the  specific  gravity,  and 
the  product  by  *  07497  (weight  of  a  cubic  foot  of  air),  and  the  answer 
will  be  the  weight  of  gas  in  lbs.  avoirdupois. 

Example. — What  is  the  weight  of  9400  cubic  feet  of  gas,  its  specific 
gravity  being  •  480  ? 

9400  X  -480  X  -07497  =  888 -26  lbs.  of  gas. 
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TABLE. 

WuoHT  OF  1000  Cubic  Fbbt  op  Coil  Gas  op  Difpbbent  Specific 

Gbatitisb  at  60°  Fahr.  and  80  Inches  Bab.,  Satubatbd  with 

moibtube. 


Speoiflo 

Weight  per 
1000  Oubio  Feet. 

Speoiflo 

Weight  per 
1000  Cubio  Feet 

Speoiflo 

Weight  per 
1000  Oubio  Feet. 

Oravltv. 
Airl-OliO 

Gravity. 

Gravity. 
Air  1-000 

lbs. 

Air  1-000 

lbs. 

lbs. 

•880 

28^489 

•470 

36^285 

•660 

41-988 

•886 

28-868 

-476 

86-610 

•665 

42^868 

•890 

29-288 

-460 

85-985 

-570 

42-732 

•896 

29-61d 

•486 

86-860 

•576 

48107 

•400 

29-988 

•490 

86-736 

•680 

48-482 

•405 

80-868 

•495 

87-110 

•686 

48-867 

•410 

80-788 

•600 

87-485 

•690 

44-282 

•415 

81-113 

•505 

87-860 

•696 

44-607 

•420 

81^487 

•610 

88-286 

•600 

44-982 

•425 

81-862 

-616 

88-610 

•606 

46-867 

•480 

82-287 

-520 

88-984 

•610 

45-732 

•486 

82-612 

•625 

89-859 

•616 

46-107 

•440 

82-987 

•580 

89-784P, 

•620 

46-481 

•446 

88*862 

-686 

40-109 

•625 

46-856 

-460 

88-787 

•540 

40-484 

•680 

47-281 

•456 

84-111 

-546 

40-869 

•636 

47-606 

•460 

84*486 

•660 

41-284 

•640 

47-981 

•466 

34-861 

•656 

41-608 

•646 

48-866 

TABLE  OF  VARIOUS  GASES. 

Thbib   Density,   Specific    Geavity,  and    Weight, 

Dey  and  Satubatbd  with  Moistube, 

At  the  Standabd  Babometbic  Pbessube  op  80  Inches. 


Name. 


Symbol 


Hvdrogen .     , 

Liffht  Carbnretted  Hy 

orogen  .  . 
Ammonia .  • 
Acetylene .  . 
Garbonio  Oxide 
Olefiant  Gm  . 
Nitrogen  .  . 
Air  7.  .  . 
Nitrlo  Oxide  . 

Smpnnretted  Hydrogen 
Caroonio  Acid 
Nitrons  Oxide 
Snlphoroas  Acid     . 
Chlorine   .... 
Bindphide  of  Carbon 


CH. 

NH, 

Yo' 

C.H. 

NO 

O 
H,S 
CO, 
N.O 
SO, 

CI 

cs. 


Density. 


1-000 

7-986 
8-610 
12-970 
18-965 
13-970 
14-020 
14-422 
14-990 
15-960 
16-990 
21-945 
22-000 
31-950 
85-870 
87-966 


Specific 

Gravity. 

Air 

eqnal 

1-000. 


•554 
•690 


•9721 
-000 
-089 
-1066 
-178 
-622 
-526 
2-267 
2*462 


Weight  of  1  Cubic  Foot 
iir  Grains. 


At8a«F.     AtfiO«»P. 
Dry.        Satorated. 


89-15 

812*61 
888-17 
507-68 
646*73 
546-93 
548-88 
664*62 
686*86 
624-88 
666*16 
859-15 
861-80 
1,250-84 
1,884*74 
1,486*88 


86*89 

290-57 
809-68 
471-99 
608-19 
508-37 
510-19 
624-82 
646-49 
680-78 
618-27 
798-68 
800-68 
1,162-66 
1,287-11 
1,881-66 


Cubic  Feet  eqoal 
to  llb.aT^dapois. 


AtaSPF.AteO^F 
Dry.     Satrtd. 


178-80 

22-89 

21-01 

18-79 

12-80 

12-80 

12-76 

12-40 

11-98 

11-20 

10-62 

8-15 

8-18 

6-69 

6-06 

4-71 


192-86 

24-09 

22-60 

14-83 

18-77 

18-77 

18*72 

18-34 

12*83 

12*05 

11*82 

8*76 

8*74 

6*02 

5*44 

6*07 
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THE     ENRICHMENT    OP    COAL    GAS. 

When  a  higher  illaminaiing  power  than  that  yielded  by  the  gas 
produced  from  ordinary  bituminous  coal  is  desired,  some  method  of 
enrichment  is  resorted  to. 

Gannel  was  formerly  the  only  medium  employed  for  this  purpose, 
and  it  is  the  best  and  simplest,  inasmuch  as  the  gas  from  it  is  a  more 
regular  and  durable  enricher  than  any  other,  and  does  not  require  any 
special  and  separate  apparatus  for  its  production,  but  of  recent  years 
other  methods  of  enrichment  by  means  of  oil  of  different  kinds  have 
been  introduced,  owing  to  their  being  less  costly. 

It  does  not  follow,  however,  that  cannel  is  or  will  be  entirely 
abandoned  for  enrichment  purposes.  All  depends  upon  the  price, 
and  there  are  already  signs  that  a  return  to  its  more  general  use  may 
restdt  from  the  increased  market  value  of  its  rivals. 

Oas  enrichment  is  of  less  pressing  concern  to-day  than  it  was  at 
one  time,  because  the  principles  of  economical  lighting  are  now  better 
understood  and  more  widely  applied,  resulting  in  the  introduction  of 
improved  burners,  and  the  better  regulation  of  the  pressure  at  or  near 
to  the  point  of  consumption. 

The  incandescent  gas-light,  also,  has  shown  how  a  vastly  increased 
illuminating  power  may  be  obtained  without  resorting  to  enrichment, 
with,  at  the  same  time,  a  striking  economy  in  gas  consumption. 

The  chief  advantage  derived  from  enrichment  is  the  assistance  it 
lends  towards  preventing  the  deposit  of  naphthalene,  the  richer  gas 
tending  to  keep  this  hydrocarbon  suspended  within  it  in  the  gaseous 
form. 

The  following  is  a  r6sum6  of  the  various  enriching  methods 
employed : 

The  Peebles  Process  consists  in  cracking  or  decomposing  oil  in 
iron  retorts  at  a  temperature  of  1750^  Fahr.,  and  washing  the  resultant 
gas  by  the  fresh  oil,  which  is  afterwards  decomposed  in  a  similar 
manner.  Blue  oil,  having  a  specific  gravity  of  '85,  is  generally  used. 
Its  illuminating  value  as  an  enriching  agent  is  about  90  candles 
per  5  cubic  feet  of  the  gas.    The  yield  of  coke  is  5^  cwt.  to  the  ton. 

The  Maxim^Ciark  System  is  a  method  of  carburetting  by  means 
of  gasoline  volatilized  in  a  copper  retort  heated  by  steam.  The  vola- 
tilized gasoline  passes  into  a  small  holder  traversed  also  by  the  gas  to 
be  enriched.  One  gallon  of  gasoline,  having  a  specific  gravity  of  *68, 
suffices  to  raise  8000  cubic  feet  of  15  to  17  candle  gas  by  one  candle. 
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The  Whessoe* Munich  Method  of  enrichment  is  by  means  of 
benzol.  This  is  volatilized  in  a  vessel  heated  by  steam,  and  fitted 
-with  ribbed  trays  covered  with  cloth,  on  to  which  the  benzol  drops. 
It  is  claimed  as  one  of  the  advantages  of  this  system  that  it  is  only 
necessary  to  pass  a  portion  of  the  coal  gas  through  the  carborettor, 
and  that  such  portion,  being  enriched,  acts  as  an  enricher  for  the 
rest.  The  quantity  of  benzol  required  to  enrich  1000  cubic  feet  of  gas 
one  candle  is  8  ounces. 

The  Dvorkovitz  System  enriches  by  means  of  solar  distillate 
oil,  specific  gravity  *886L  This  is  cracked  or  decomposed  in  iron 
retorts  heated  to  a  bright  red,  and  the  gas  so  produced,  mixing  in 
the  proportion  of  8  per  cent,  with  ordinary  coal  gas  of  15  to  16  candles 
value,  raises  the  illuminating  power  about  1^  to  2  candles.  The 
inventor  claims  a  high  value  for  the  residual  tar  and  oil. 

Carhuretted  Water  Qas* — The  plant  here  is  used  both  for  gas 
making  and  gas  enriching*.  It  consists  of  three  vessels  or  shells, 
called  the  generator,  the  carburettor,  and  the  superheater.  The  gas  is 
made  by  admitting  steam  at  about  100  lbs.  pressure  through  a  bed  of 
incandescent  coke.  The  steam  being  decomposed  into  its  con- 
stituent gases  oxygen  and  hydrogen,  the  resultant  oxygen  combines 
with  the  carbon  of  the  coke  forming  carbonic  acid,  which,  rising 
through  the  higher  layers  of  incandescent  coke,  is  reduced  to  carbonic 
oxide,  and  this  mixing  with  the  hydrogen  forms  what  is  called  <' water 
gas."  This  is  non-luminous,  and  is  afterwards  enriched  in  the 
carburettor  with  oil,  which  imparts  to  the  gas  its  light-giving  pro- 
perties. The  gas  thus  enriched  is  passed  through  the  superheater  to 
**  fix  "  the  oil  vapours. 

The  Dinsmore  System  of  enriching  with  the  hydrocarbons 
present  in  the  tar  has  already  been  referred  to,  page  54. 


*  Gas  is,  of  oonrse,  prodnoed  in  aU  the  other  processes,  hut  this  is  a  gas  prodnoer 
on  a  large  scale. 
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PUBLIC    ILLUMINATIONS. 

In  provincial  towns  the  Oas  Manager  is  nsoallj  called  upon  to 
arrange  and  superintend  the  illuminations  that  are  given  to  celebrate 
any  great  national  or  local  event.  On  such  occasions  the  following 
particulars  will  be  found  useful : — 

Mode  of  Supply  and  Price  of  Oas. — Illumination  devices  are 
generally  supplied  with  gas  direct  from  the  main,  without  the  inter- 
vention of  a  meter  to  register  the  consumption.  Where  the  illumina- 
tions are  anything  like  universal,  the  fixing  of  meters  is  altogether 
impracticable. 

Taking  the  consumption  of  each  jet  "^  to  be  at  the  rate  of  one  cubic 
foot  of  gas  per  hour,  which  is  a  foir  average,  including  loss  by  leakage 
and  trial  lighting,  the  following  will  be  the  rate  of  charge  according 
to  the  price  per  1000  cubic  feet :  — 


At  per  1000. 
68, 6d.       • 

6    6 

6    4 

6    8 

6    2 

6    1 

6    0 

6  11 

6  10 

6    9 

6    8 

6    7 

6    6 

6    6 

6    4 

6    3 

6    2 

6    1 

6    0 

4  11 

4  10 

4    9 

4    8 

4    7 

4    6 

4    6 

4    4 

4    8 

AtlM 

Br  1000. 

078  of  Id. 

per  jet* 

per  boor. 

48.  2d. 

-060  of  Id 

.perjaf 

per  hour. 

077 

If 

tt 

tt 

4 

1 

•049 

}           II 

076 

f» 

II 

II 

4 

0 

•048 

1                        •! 

076 

It 

ft 

II 

8  11 

•047 

1                        II 

074 

-It 

tt 

It 

8  10 

•046 

t                       II 

078 

II 

It 

8 

9 

•046 

1                        *l 

072 

,1 

,* 

tt 

8 

8 

•044 

1                        11 

071 

It 

If 

8 

7 

•048 

1                        II 

070 

It 

ti 

8 

6 

•042 

1                        11 

069 

,] 

It 

tt 

8 

6 

•041 

068 

II 

II 

i« 

8 

4 

•040 

1                        II 

067 

II 

tt 

It 

8 

8 

•039 

1                        t» 

066 

tt 

II 

It 

8 

2 

•088 

»                       It 

065 

ti 

8 

1 

•037 

1                        II 

064 

,1 

11 

f, 

8 

0 

086         , 

t                        It 

068 

It 

11 

It 

2  11 

•086 

062 

II 

II 

II 

2  10 

•084 

1                        11 

061 

It 

2 

9 

•088 

1                        II 

060 

It 

ti 

It 

2 

8 

•082 

1                        It 

069 

II 

It 

It 

2 

7 

•081 

f                        It 

058 

II 

II 

II 

2 

6 

•030 

067 

II 

II 

It 

2 

5 

•029 

1                       tl 

066 

II 

It 

It 

2 

4 

•028 

1                        II 

066 

It 

II 

II 

2 

8 

•027 

1                        II 

064 

It 

It 

II 

2 

2 

•026         , 

1                        II 

068 

II 

It 

II 

2 

1 

•026 

1                        11 

It 
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II 

tt 

u 

2 

0 

•024 

1                        II 

It 

*  By  the  term  **  jet,"  as  here  ased,  is  meant  the  smaU  gas-flame  at  each  hole 
driUea  or  punched  in  the  pipes  forming  the  different  devices. 

When  the  ordinary  No.  1,  2,  and  8  fish-tail  burners  are  employed, 
the  consumption  may  be  reckoned  at  the  rate  of  8,  4,  and  5  cubic 
feet  per  hour  each  respectively,  and  charged  accordingly. 
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It  is  proper  to  stipulate  that  no  illomination  should  amount  to  less 
than  50s. 

Service  or  Supply  Pipes. — It  is  the  usual  rule  for  the  Gas 
Authorities  to  convey  at  their  own  cost  a  service-pipe  from  the  main, 
and  from  8  to  12  feet  up  the  front  of  the  building  to  be  illuminated^ 
provided  the  whole  length  of  pipe  required  does  not  exceed  86  feet. 
A  charge  is  made  for  any  additional  length.  The  expense  of  fixing 
the  devices  in  their  position  is  also  charged.  To  the  end  of  the  pipe  in 
front  of  the  building  a  stopcock  is  attached  for  shutting  off  or  regulat- 
ing the  supply  of  gas. 

Care  should  be  taken  to  have  the  pipes  of  ample  capacity,  other- 
wise the  illumination  will  be  poor  and  ineffective. 

When  the  building  to  be  illuminated  is  large,  it  is  advisable  to  run 
up  a  service-pipe  at  each  end,  and  one  in  the  centre,  connecting  them 
together  in  the  front;  each  pipe,  of  course,  having  a  distinct  con- 
nection with  the  main  in  the  street. 

The  service-pipes  should  be  laid  with  a  slight  bill  to  the  main ;  and 
the  use  of  all  abrupt  angles — such  as  square  elbows — should  be 
avoided,  bends  being  employed  instead. 

The  service-pipes  are  temporary  only,  being  lent  by  the  Oas  Authori- 
ties, and  are  removed  by  them  when  the  illuminations  are  over. 

Devices. — The  devices  are  paid  for  by  the  private  inhabitants,  or 
the  Local  Authorities,  or  by  both,  as  the  case  may  be. 

They  may  consist  of— 

Initial  and  other  letters,  single-lined — ^thus,    UL  — and  double- 
lined — thus,      Zj\ 

Mottoes — straight,  curved,  or  circular. 

Lanterns  with  coloured  Devices. 

Laurel  ScroUs. 

Garlands. 

Festoons. 

True  Lovers*  Knots. 

Stars  of  various  kinds. 

Mitres. 

Crescents. 

Grosses. 

Plumes,  as  Prince  of  Wales'  Feathers. 
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Aureoles. 

Crowns. 

Shields. 

Anchors. 

Masonic  Emblems. 

Heraldic  Crests. 

Corporation  Arms. 

Other  Devices  suitable  to  the  particular  occasion. 
The  devices  are  made  by  the  manufacturers  of  gas-fittings,  wrought- 
iron  tubing,  and  others,  and  are  supplied  to  Gas  Authorities  and  the 
Trade  at  about  the  following  prices : — 

Single-lined   Letters^  in  Iron   or    Copper^  fitted    with    Strong    Union 

Couplings, 

Prioe. 
lis.  Od.  each. 
12  6 
18  6 
16  0 
18  0 
21  0 
26  0 
80    0 


Length  of  Letter. 

18  inohes { 

Sise  of  Inlet. 

iths  inch  bore 

24      ..           \ 

1           1)               

80      „           \ 

,1               

86      „           \ 

t           If               

42      „           \ 

,f               

48      ..            \ 

»»              

M      „           \ 

'           »»              

60      „            \ 

'           »»              

Double-lined    Letters^   in  Iron  or   Copper^  fitted  with 

Couplings. 

Length  of  Letter. 

sue  of  Inlet. 

18  inohes j 

Itht  inch  bore 

24      „           i 

80      „            \ 

86      „ 

42      „            4 

48      , 

64      „            ] 

60      „           ] 

^           »               

Strong    Union 


Prioe. 
128.  6d.  each. 

16  0 

17  6 
20  0 
24  0 
28  0 
88  0 
40    0 


Brunswick  Stars  and  Stars  with  Eight  points,  Made  of  Wrought-Iron 
Welded  Pipe,  and  fitted  with  Strong  Union  Couplings. 


Diameter. 

sue  of  Inlet. 

Prioe  with 
Star  Centre. 

Price  with 
Shield  Centre. 

Prioe  with 
Plnme  Centre. 

£  8.  d. 

£  8.   d. 

£   B.   d. 

8  feet     . 

1 

inoh  bore    . 

.200. 

.220. 

.    2  17    0 

4    „        . 

.     U 

.     2  12    0     . 

.    2  16    0    . 

.    8  10    0 

5    „        . 

.      H 

.866. 

.     8  10    0    . 

.460 

6    „        . 

.     U 

)t 

.     4  16    0     . 

.600. 

.    6  16    0 

7    „        . 

.    u 

.686. 

.    6  10    0    . 

.760 

8    „        . 

.      2 

i» 

.770. 

.    7  15    0    . 

.    8  10    0 

Crowns  and  plumes  cost  about  one-third  more  than  Stars. 
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Scrolls,  garlands,  heraldic  crests,  and  other  devices,  at  prices 
varying  according  to  the  elaboration  of  the  design. 

Wronght-iron  pipes,  drilled,  and  with  star  jets  inserted,  are 
supplied  at  about  the  ordinary  list  price. 

The  devices  may  be  '<  home-made,"  and  if  so  will  be  less  expensive ; 
but  unless  constructed  by  skilled  and  tasteful  workmen,  they  will 
present  a  scraggy,  irregular  appearance  when  lighted  up. 

Illuminated  Borders. — A  very  pretty  effect,  easily  managed,  and 
one  that  gives  a  rich  fulness  to  the  central  illumination  of  a  building, 
is  obtained  by  running  wrought-iron  tubing  along  the  principal  angles, 
with  holes  drilled  in  the  tube  at  distances  about  6  inches  apart,  and 
having  small  jets  or  star  burners  inserted.  The  burners  may  be 
placed  wider  apart,  and  globes  made  use  of.  These  prevent  the  l^hts 
firom  being  extinguished  by  the  wind,  and  also  heighten  the  general 
effect.  In  this  case  a  short  piece  of  brass  tube,  with  elbow-socket 
and  gallery,  must  be  inserted.  Globes  ground  all  over,  or  white  opal 
globes,  or  white  and  coloured  globes  arranged  alternately,  show  to  the 
best  advantage. 

Coloured  Fires. — A  display  of  coloured  fires,  at  intervals,  from 
prominent  points  of  elevation,  adds  greatly  to  the  effect  of  an 
illumination. 

The  following  are  some  excellent  recipes  for  their  production : — 

Lilac  Fire. 

Os.  Ormg. 

Chlorate  of  potash 49  parts,  or  7    18 

Sulphur 25      „  4     0 

ChiOk 20      ,,  8     8 

Black  oxide  of  oopper 6     „  10 

This  oompoeition  weighs  1  lb.,  and  oosts  Ss.  8d. 

Purple  Fire. 

Os.  Dnns. 

Ohlorate  of  potash 48  parts,  or  6    14 

Nitrate  of  potash  (saltpetre) 22),,  8    10 

Sulphur 22^,,  8    10 

Black  oxide  of  oopper 10     „  19 

Black  sulphide  ofmeroar7(Bthiop's  mineral).     .     .     .      2     „  0     6 

W6ight,llb.;oo8t,9s.8d. 

Yellow  Fire. 

Os.  Drms. 

Nitrate  of  soda 76  parts,  or  12     0 

Sulphur 19     „  8     1 

Charcoal  or  lamp  black 6      „  0    16 

Weight,  1  lb. ;  cost,  Is.  6d. 
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Blue  or  Bengal  Fire, 

Os.  Drmt. 

DiT  nitrate  of  potash 6  parte,  or  10    101 

Sulphor 2     „  8      9i 

Tersnlphide  of  antimony 1      »»  1    12 

Weight, lib.;  coat,  U. 

Or 

Oz.  Drms. 

Ammonic  sulphate  of  oopper 8  parts,  or  8     8 

Chlorate  of  potash 6     „  6     7 

'Shellac 1      „  11 

Weight,  1  lb. ;  cost,  2a.  3d. 

Oreen  Fire, 

Os.  Drms. 

Nitrate  of  baryta 77parts,orl2     6 

Sulphur 18      „  2      1 

Chlorate  of  potash 6      „  0    18 

Charooal  or  lamp  black 8      „  0     8 

Metallio  arsenic 2     „  0     6 

Weight,  lib.;  cost, Is.  Gd. 

Or 

Os.  Dnsis* 

Nitrate  of  baryta 9  parts,  or  10    10 

Shellac 8      „  8      9 

Chlorate  of  potash U    „  1    18 

Weight,  1  lb. ;  cost.  Is.  6d. 
Crimson  Fire, 

Os.  Drms. 

Nitrate  of  strontia 80parts,orlO     0 

Salphnr 22i    „  2    14 

Chlorate  of  potash 20      „  2      8 

Charcoal  or  lamp  black 5      „  0    10 

Weight,  1  lb. ;  cost,  Is.  6d. 

Bed  Fire. 

Oi.  Dnns. 

Nitrate  of  sbrontia 40parts,orlO     0 

Snlphnr 18      „  8     2 

Chlorate  of  potash 5     4,  18 

Charooal  or  lamp  black 8      „  0    11 

Sulphide  of  antimony ^      m  10 

Weight,  1  lb. :  cost,  Is.  6d. 

Or 

Ox.  Drms. 

Nitrate  of  strontia 9parts,orlO    10 

Shellac 8     j,  8      9 

Chlorate  of  potash 1|    ,,  1    X8 

Weight,  1  lb. ;  cost,  Is.  6d. 
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Whits  Indian  Fire. 

Ob.  Drms. 

Nitrate  of  potash 24  parts,  or  11    10 

Sulphur 7      „  8      6 

Sulphide  of  arsenic  (realgar) 2     it  10 

Weight,  1  Ibi ;  cost,  Is. 

In  no  case  should  tJie  chlorate  of  potnsh  be  ground  along  with  the 
sulphuTf  as  ignition,  caused  by  the  friction,  might  ensue. 

The  ingredients  should  be  reduced  to  the  finest  powder  (excepting 
the  shellac,  which  should  only  be  beaten  into  small  fragments)  by 
bruising  them  in  a  mortar  made  of  hard  wood,  the  chlorate  of  potash 
being  ground  separately.  They  should  then  be  intimately  mixed 
together,  by  passing  them  three  or  four  times  through  a  hair  sieve. 
When  mixed,  keep  the  material  in  a  close-stoppered  bottle,  to  pre- 
vent spontaneous  combustion.  All  the  ingredients  must  be  perfectly 
dry  to  insure  success. 

The  mixtures  are  best  fired  in  hemispherical  dishes,  or  ladles  made 
of  beaten  iron,  about  5  inches  diameter  and  2}  inches  deep  in  the 
centre.    The  fumes  arising  from  the  different  fires  should  be  avoided. 

A  pound  in  weight  of  any  of  the  mixtures  is  sufficient  for  a  fire 
(though  any  quantity  may  be  used) ;  and  the  cost  varies  from  Is.  to 
2s.  dd.  each.  The  ingredients  can  be  obtained  from  almost  any 
<;hemist  and  druggist. 
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THE    USE    OF    GAS    FOR    PURPOSES    OTHER 
THAN    LIGHTING. 

The  use  of  gas  for  oooking,  heating,  and  motive  power  has  made 
rapid  strides  of  recent  years ;  and  the  steady  increase  that  is  taking 
place  in  the  consumption  of  gas  for  purposes  other  than  illumination 
is  a  matter  of  interest.  Twenty  to  twenty -five  years  ago  this  con- 
sumption was  only  beginning  to  make  itself  felt,  yet  within  the  brief 
period  which  has  elapsed,  large  industries,  giving  employment  to 
much  capital  and  many  workpeople,  have  been  called  into  existence 
to  produce  the  machinery  and  appliances  required,  to  describe  which 
would  need  a  treatise  in  itself.  These,  which  are  of  ihe  most 
numerous  and  varied  kind,  are  of  great  excellence,  whilst  improve- 
ments are  constantly  being  effected  therein. 

For  domestic  and  greenhouse  use  there  are  numberless  heating 
stoves  of  superior  design  and  workmanship,  and  in  cooking  stoves  and 
ovens  there  is  equal  variety. 

The  uses  to  which  gas  may  be  advantageously  put  in  every  branch 
of  trade  where  heat  is  required,  are  only  limited  by  the  number  of 
such  trades.  For  example,  in  coffee  roasting,  in  the  manuflEtcture  of 
confectionery,  the  baking  of  bread,  the  finishing  of  shoes,  in  dentistry, 
in  the  production  of  jewellery,  in  wire  welding,  tempering  steel, 
enamelling,  and  many  others. 

The  gas-engine  already  successfully  competes  with  the  steam  motor 
for  all  purposes  where  the  power  required  to  be  exerted  is  intermittent 
and  within  moderate  limits. 

For  handiness  in  application,  and  cleanliness  and  safety  in  use,  gas» 
as  a  fuel,  is  unsurpassed.  The  use  of  gas  in  these  ways  means  a 
saving  of  time  and  labour,  and  is  an  important  step  towards  the  solu- 
tion of  the  smoke  difficulty  in  towns. 

Taking  its  advantages  in  these  respects  into  account,  there  is 
economy  in  its  employment  even  when,  as  in  scattered  districts,  its 
price  per  1000  cubic  feet  may  be  considered  high.  In  towns  where 
the  price  of  gas  is  comparatively  low,  there  is  a  positive  economy 
in  its  adoption,  beyond  the  special  recommendations  named. 

The  manufacture  of  gas-engines  was  at  first  confined  to  the 
smaller  sizes,  firom  one  man  power  to  10-horse  power,  but  now  larger 
sizes  equal  to  as  high  as  100-horse  power  are  being  made. 

In  adopting  this  motor,  neither  boiler  nor  chimney  are  required, 
and  hence  it  can  be  employed  in  buildings,  and  in  out-of-the-way 
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comers  in  establishments  where  a  steam  engine  is  altogether  inad- 
missible. It  is  always  available  for  work  on  the  caning  of  a  tap, 
and  it  goes  on  working  continuously  day  and  night  with  the  least  pos- 
sible attention.  Moreover,  the  percentage  efficiency  of  the  gas-engine 
is  greatly  in  excess  of  that  evolved  by  the  steam  motor. 

As  a  ventilating  agent  the  gas-flame  is  of  the  greatest  use,  and  in 
rooms  where  the  means  of  ventilation  are  provided  it  promotes  their 
efficiency,  though  it  has  not  been  employed  in  this  direction  as 
extensively  as  its  merits  deserve.  In  spacious  assembly  rooms  in 
which  crowded  meetings  are  held,  the  gas  '< Sunlight,"  or  the  ''Be- 
generative  "  light,  with  their  ventilating  tubes,  may  be  recommended 
as  superior  to  any  other  method  of  artificial  lighting. 

One  of  the  best  methods — perhaps  the  very  best  method— of  reduc- 
ing the  proportion  which  capital  expenditure  in  gas-works  bears  to 
revenue,  is  to  cultivate  a  day  consumption  of  gas,  by  affording  facili- 
ties for  and  encouraging  in  every  legitimate  way  the  use  of  gas  for 
cooking,  heating,  ventilating,  and  motive  power.  It  is  interesting  to 
ascertain  approximately,  and  to  keep  a  permanent  record  of,  the 
proportion  of  gas  consumed  in  the  daytime  as  compared  with  the 
night.  To  do  this  it  is  necessary  to  take  the  stock  of  gas  in  the 
holders  at  8  a.m.,  8  p.m.,  and  12  midnight. 

This  policy,  if  pursued  to  a  successful  issue,  is  virtually  to  reduce 
the  percentage  of  capital  in  the  proportion  of  such  consumption^ 
because  the  plant  is  brought  to  bear  in  earning  profit  during  the  day- 
light as  well  as  in  the  lighting  hours. 

If  local  governing  Authorities  (or  some  of  them)  in  possession  of 
gas-works  had  the  real,  permanent  good  of  their  respective  commu- 
nities at  heart — or  were  less  narrow  and  short-sighted  in  their  views 
— ^instead  of  appropriating  large  gas  profits  in  aid  of  rates  (a  policy 
which,  besides  being  unjust,  always  tends  to  waste  and  extravagance), 
would  aim  at  reducing  the  selling  price  of  the  gas,  they  would,  by  so 
doing,  give  encouragement  to  the  establishment  and  growth  of  what 
may  be  termed  The  Mimob  Industbibs,  whose  success,  and  even  exis- 
tence, are  so  largely  dependent  upon  a  cheap,  cleanly,  and  handy 
fuel  for  heating  and  motive  power  purposes. 

This  wise  policy  of  selling  gas  at  cost  price  (including,  of  course,  in- 
terest on  capital)  has  a  three-fold  advantage,  inasmuch  as  it  promotes 
the  day  consumption,  it  goes  a  long  way  towards  abolishing  the  smoke 
nuisance,  and  it  broadens  the  base  of  the  general  prosperity  by  the  en- 
couragement it  gives  to  the  growth  of  a  variety  of  trade  interests. 

2b 
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THE    RESIDUAL    PRODUCTS. 

One,  and  not  the  least  important,  of  the  duties  of  the  Gas  Manager 
is  to  do  what  in  his  power  lies  to  promote  the  interests  of  the  Under- 
taking mider  his  charge,  by  utilizing  the  residual  products  of  gas  manu- 
fjEioture  to  the  utmost  extent. 

It  is  a  remarkable  &ct  that  there  are  no  waste  products  in  a  properly 
conducted  gas-works.  The  coke,  breeze,  tar,  ammoniacal  liquor, 
sulphur,  spent  lime,  retort  carbon,  and  even  the  clinker  and  ash  from 
ttie  furnaces  are  all  marketable,  and  therefore  of  more  or  less  value. 
The  flue  gases  from  the  retort  stack  are  even  utilized  for  the  generation 
of  steam,  and  for  heating  the  air  supply  to  the  combustion  chamber 
where  the  regenerative  system  is  applied. 

Cake  and  Breeze. — Coke,  as  ordinarily  produced,  is  not  well 
adapted  for  domestic  use  for  kitcheners,  for  use  in  greenhouses,  or 
stoves  in  general ;  and,  in  consequence,  its  sale  is  ofben  restricted.  To 
render  it  suitable  for  these  purposes,  it  requires  to  be  broken  into 
pieces  of  smaller  and  more  uniform  size. 

Wherever  means  have  been  adopted  for  this  purpose,  the  article  has 
been  found  to  command  a  ready  sale  ;  and  instead  of  mountains  of 
coke  in  every  available  comer  of  the  works,  the  material  is,  as  a  rule, 
cleared  out  almost  as  quickly  as  it  is  produced. 

The  labour,  inconvenience,  and  waste  attendant  on  stacking  are  thus 
avoided,  the  premises  can  be  kept  in  better  order,  and  the  revenue  is 
augmented. 

For  breaking  the  coke  by  hand,  a  hammer  of  the  form  shown  in 
Fig.  285,  with  a  chisel  edge  at  one  end,  and  four  prongs  at  the  other 
may  be  recommended. 

A  machine  for  breaking  coke  is  made  by  Smith,  Beacock,  and 
Tannett,  of  Leeds.  This  is  used  by  Mr.  Sellers  at  the  York  (}as- 
Works,  who  gives  the  cost,  and  describes  the  advantages  attending 
its  use. 

«  The  engine  (a  4-horse  vertical)  and  breaker,  and  fitting  up  of 
same,  cost  £148 ;  being,  for  the  engine,  £108,  the  breaker,  £28,  and 
fitting  up,  £7.  By  placing  the  engine  and  breaker  upon  one  frame, 
so  that  both  could  be  moved  upon  one  set  of  wheels,  the  cost  would  be 
materially  reduced,  and  the  working  very  much  improved.  The 
machine,  when  at  full  work;  will  break  20  tons  of  coke  per  day.    We 
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have  one  man  to  look  after  the  engine,  and  two  to  feed  the 
machine  ;  bat  as  the  first  named  is  not  folly  occupied  with  the 
engine,  he  assists  the  other  two  in  helping  carters  to  put  the 
broken  coke  into  bags,  &c.,  the  net  cost  of  all  which  adds  9d.  per  ton 
to  the  price.  Then  in  breaking  a  ton  of  coke,  about  1  cwt.  passes 
through  the  screen,  and  is  sold  as  breeze  at  Is.  6d.  per  ton,  or,  say, 
Id.  per  cwt.  The  real  result,  therefore,  of  breaking  coke  stands  thus  : 
We  sell  our  unbroken  coke  at  10s.  per  ton,  and  broken  at  10s.  8d. ; 
the  8d.  added  being  9d.  per  ton  for  labour, 
and  coke  converted  into  breeze  by  breaking, 
less  Id.  received  for  breeze  per  ton  of  coke 
broken.  The  cost  of  maintenance  of  engine 
and  breaker  we  consider  is  more  than  re- 
couped by,  first,  the  saving  of  labour  that 
would  have  been  employed  in  loading  the 
coke  if  it  had  not  been  broken  ;  secondly, 
the  saving  of  the  cost  in  labour  and  depre- 
ciation of  stacking  the  coke  if  it  were  not 
sold ;  and,  thirdly,  the  advantage  gamed  in 
getting  rid  of  the  coke,  so  as  to  enable  us  to 
maintain  our  price  of  10s.  per  ton,  for  upon 
our  annual  make  of  coke  for  sale  a  reduc- 
tion of  Is.  per  ton  would  inflict  a  loss  of 
£600  a  year." 

Another  excellent  coke   breaker  is  that 
Pomerville.    This   machine  requires  very 
and  the  waste  of  coke  by  its  use  is  re- 
markably small.    At  a  trial  of  the  machine  at  the  Old  Kent  Road 
works,  the  following  results  were  obtained : — 


Fio.  286. 

devised  by  Thomas  and 
little  power  to  drive  it. 


«.  d, 
600  feet  of  gas  consumed  by  a  2-horse  power  gas- 
engine,  at  cost  price  of  gas  delivered  in  holder  .  0  9 

Oil  and  cotton  waste ^  ^ 

Two  men  supplying  machine  with  large  coke,  and 

shovelling  up  broken,  at  4s.  6d 9  0 

Interest  and  wear  and  tear  (say) 0  8 


Total  per  day 


10    6 
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s,  d. 

For  80  tons  of  coke  broken  per  day  at  the  rate  of  .         0  1^ 
And  for  loss  by  dust  and  waste,  1  cwt.  with  price  of 

coke  at  (say)  18s.  4d.  per  ton 0  8 

Cost  of  breaking  per  ton     .        0    9^ 

The  coke  thus  manipulated  finds  a  ready  and  constant  market  as 
quickly  as  it  is  produced,  the  result  being  an  average  net  gain  of  Is.  6d. 
per  ton  of  coke. 

Coke,  immediately  on  being  slaked  with  water,  weighs  about  15  per 
cent,  more  than  when  unslaked ;  the  bulk  of  the  moisture,  however, 
evaporates — about  8  per  cent,  only  being  retained. 

A  ton  of  coke  is  about  a  chaldron  and  a  half. 

A  chaldron  of  coke  varies  in  weight  £rom  12^  to  15  cwt. 

For  the  quantity  of  coke  produced  by  different  coals,  see  the  tables 
on  pages  12,  18,  16,  and  17. 

Coal  Tar, — The  yield  of  tar  &om  coal  per  ton  in  gas-works  ranges 
up  to  12  gallons,  and  from  cannel  up  to  about  17  gallons.  The 
average  production  in  gas-works  throughout  the  country  will  not 
exceed  11  gallons  per  ton.  The  total  production  of  coal  tar  in  the 
United  Kingdom  is  probably  about  600,000  tons. 

The  utilization  of  the  tar  for  its  products  is  not  pursued  at  many 
gas-works,  though  it  is  done  at  a  few,  an^  if  well  managed  it  is  a 
source  of  profit. 

Considerably  more  skill  and  care  are  required  in  the  distillation  of 
tar  than  in  the  manufiActure  of  sulphate  of  ammonia ;  nevertheless,  it 
is  safe  to  predict  that  before  many  years  have  elapsed,  this  branch  of 
practical  chemistry  will  be  widely  practised  on  those  gas-works  where 
there  is  space  and  convenience. 

The  manufacture  on  gas-works  may  be  wisely  restricted  to  the  dis- 
tillation of  the  tar  for  the  light  and  heavy  oils,  and  the  production  of 
anthracene  and  pitch. 

The  principal  dangers  to  be  apprehended  in  the  process  are  the 
leaking  or  boiling  over  of  the  stills  and  the  firing  of  vapours,  causing 
conflagration,  and  the  stoppage  of  the  pipe  passages  with  accretions 
of  solid  matter,  chiefly  naphthalene,  resulting  in  explosion ;  but  these 
dangers  can  be  minimized,  or  altogether  averted,  under  proper  super- 
vision and  by  the  use  of  efficient  apparatus. 
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Tbe  specific  gravity  of  tar  produced  from  ordinary  coal  ranges  from 
1-120  to  1-150  ;  that  from  cannel  coal,  from  -980  to  1-060. 

. TABLE 

Showing  ahowt  the  Average  Proportion  of  the  several  Products  obtamed 
from  the  Distillation  o/ 10,000  gallons  of  Coal  Tar,     {Dr,  Letheby,) 


AmmoniaoAl  liquor  .     .        240*0  gaU. 
40  per  oent.  benzole  .     .  84*4    „ 

90  „  „       .     .  631    „ 


Pitch 


Solvent  naphtha    .     .     .        41*8  gals. 
Last  ranninga    ....        12*0    „ 
Dead  oil 8018-7    „ 


86  tons. 


TABLE 

Showing  the  Average  Percentage  of  the  Products  Obtained  from  100  Tons 
of  Coal  Tar.     (Roscoe,) 

1         2 

Naphtha 8*0       2'0  percent. 

Light  oils  and  carbolic  acid    ....  1*5       0*8 

Hmvj  oils,  naphthalene,  anthraoene  86*0  25*0        „ 

Pitch 600  800        „ 

Water  and;  loss 10*6  12*2       „ 

1000  1000 
Mr.  C.  Greyille  Williams  remarks  (*•  King's  Treatise,"  Vol,  III., 
p.  281)  that— *<  The  working  results  to  be  obtained  from  a  charge  of 
1200  gallons  vary  so  greatly,  according  to  the  nature  of  the  tar  and 
the  care  with  which  the  distillation  has  been  made,  that  it  is  exceed- 
ingly difficult  to  give  any  average  which  will  be  satisfactory  to  distillers 
in  difiCierent  parts  of  the  country.  The  following  figures  are  placed 
side  by  side  as  extreme  cases  " : — 

London  : 
Laaoaahire :  ("  Chemistry  as 

(Wateon  Smith.)  applied  to  the  Arts 

ndBT       ' 


Ammoniacal  liquor  ....  gallons  80 

First  light  oils „  88 

Second  light  oils „  167 

Creosote  oils „  104 

Anthracene  oils „  229 

Pitch tons            8-26 


and  Manafaotare8.*0 
60 
20 
20 
260 
60 
4 


The  following  yield  of  bye-products  from  each  ton  of  tar  distilled  is 

given  by  Mr.  Golson  from  his  own  working: — 

Cmde  naphtha,  80 p.c,  at  120° G 6*79  gals. 

Carbolic  acid,  cmde  60°  C. 8*60    „ 

Heavy  naphtha,  20  p.c,  at  160°  C 8*66    „ 

Creosote 6804    „ 

Ammoniacal  liqnor,  10  oz 6*00    „ 

Naphthalene 88*91  lbs. 

Anthracene,  88  p.c 18*60  „ 

Pitch 12*67  cwts. 
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The  coals  used  were  best  Derbyshire,  78  per  cent.;  South 
Yorkshire,  18  per  cent. ;  Nottinghamshire  Gannel  9  per  cent., 
and,  carbonized  at  fedrly  high  heats,  the  mixture  yielded  10,486 
cubic  feet  of  17-candle  gas,  12*1  gals,  tar  and  82*8  gals,  ammoniacal 
liquor  of  lO-oz.  strength  per  ton.  The  sulphate  made  per  ton  of  coal 
was  29-82  lbs. 

Tar  Pavement, — This  is  made  of  the  breeze,  ashes,  and  clinker  oi 
gas*works  and  mill  furnaces,  along  with  shingle  or  coarsely  ground 
granite,  mixed  with  coal  tar. 

A  coke  fire  is  first  made  on  the  ground,  and  the  solid  ingredients 
cessed  in  a  heap  round  and  over  it ;  layer  after  layer  being  gradually 
added  as  the  heat  penetrates  through  the  mass,  until  sufficient  bulk 
of  the  material  is  ready. 

If  preferred,  or  if  a  large  quantity  of  material  has  to  be  dried  and 
heated,  a  raised  sheet-iron  floor  may  be  made,  supported  on  bricks, 
with  the  coke  fire  underneath  ;  or  a  permanent  fire-brick  floor  may  be 
constructed,  ramified  with  flues  underneath  leading  to  a  chinuey,  and 
having  a  fire  grate  at  one  end. 

In  the  meantime,  whilst  the  solid  ingredients  are  being  dried 
and  heated,  the  tar  is  being  boiled,  and,  when  ready,  the  two 
are  taken  and  mixed  together  in  small  heaps  (say  about  three 
ordinary  barrow  loads)  in  the  proportion  by  measure  of  1  part  tar  to 
7  parts  solid. 

The  whole  is  then  turned  over  immediately  whilst  hot,  and 
thoroughly  mixed,  until  every  particle  of  the  solid  ingredients  has 
received  a  coating  of  tar. 

The  mixed  material  is  then  sorted  into  three  separate  heaps 
of  graduated  fineness,  by  passing  it  through  two  sieves  with 
f-inch  and  f-inch  meshes  respectively.  It  is  now  ready  for  use, 
and  may  be  laid  down  at  once  or  kept  in  stock  for  a  short  time 
until  required. 

It  is  preferred  by  some  to  sort  the  solid  ingredients  before  mixing 
with  the  tar,  as  the  latter  is  liable  to  clog  the  sieves.  In  this  case  an 
ordinary  screen,  f  inch  between  the  bars,  and  supported  at  an  angle, 
is  employed ;  and  all  that  passes  through  it  is  afterwards  riddled 
through  a  f-inch  sieve. 

The  three  different  grades  of  material  are  then  dried  and  made 
hot  as  described,  and  thoroughly  mixed  with  hot  tar  in  these  pro- 
portions : — 
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1.  Cowse  material    j!;  P*'^  *^,.^  lor  24  gals,  tar  to  1  ton  soUd. 
19  parts  solid  i 

(1  part  tar      ) 

(1  part  tar      ) 
8.  Fine  material       je  parts  soUdT' ^^  »         ^ 

The  footpath  being  properly  kerbed,  the  upper  edge  of  the  stones 
standing  8  inches  above  the  solid  bottom  of  the  path,  the  rough  pre- 
pared material,  No.  1,  is  put  down  2  inches  thick ;  then  No.  2  about 

1  inch  thick,  and  finally  No.  8  about  f  inch  thick.  Each  layer  as  it  is 
put  down  is  rolled  with  a.lO-cwt.  roller  until  thoroughly  consoli- 
dated. Comers  which  cannot  be  reached  by  the  roller,  must  be  con- 
solidated by  punning.  Derbyshire  spar  or  fine  granite  sprinkled  over 
the  surfEhce  improves  the  appearance  of  the  pavement. 

Three  tons  of  the  rough  (No.  1)  and  1^  tons  of  the  fine  prepared 
material  (Nos.  2  and  8)  will  cover  60  square  yards,  or  a  footpath 

2  yards  wide  and  80  yards  long. 

Ammoniacal  Liquor. — The  amount  of  liquor  obtained  up  to 
the  outlet  of  the  scrubbers  per  ton  of  coal  carbonized,  varies 
firom  15  to  45  gallons  of  10-oz.  strength,  depending  on  the  class 
of  coal  used,  and  the  efiEiciency  of  the  apparatus  for  arresting  the 
ammonia. 

The  product  of  ammoniacal  water  or  liquor,  when  treated  with 
sulphuric  add,  is  sulphate  of  ammonia ;  when  treated  with  muriatic 
or  hydrochloric  acid,  it  is  muriate  of  ammonia  or  sal  ammoniac. 

The  manufocture  of  sulphate  of  ammonia  from  the  ammoniacal 
liquor  is  fekst  becoming  general  in  gas-works,  and  properly  so,  as  the 
process  is  both  simple  and  profitable.  That  it  must  be  more  profitable 
to  use  the  liquor  at  the  place  of  production  than  at  a  distance  away, 
is  evident,  taking  into  account  the  saving  of  the  cost  of  transport  of  a 
bulky^  material.  The  estimated  annual  make  of  sulphate  of  ammonia 
in  the  United  Kingdom  is  180,000  tons. 

The  apparatus  required  in  its  manu&cture  is  neither  complicated 
nor  costly ;  the  process  is  free  &om  danger  (though  fatal  accidents 
have  occurred  through  carelessness,  or  the  use  of  imperfect  appliances), 
^and  an  intelligent  labourer  can  learn  it  in  a  week's  time. 

Sulphate  of  ammonia  is  manufactured  either  by  the  continuous 
or  the  intermittent  system,  and  there  is  much  to  be  said  in  favour 
of  each. 
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In  the  continuous  system  (see  Figs.  286,  287,  and  288),  the  crude 
ammoniacal  liquor  is  first  pumped  up  into  an  overhead  supply  tank, 
and  thence  flows  in  a  regulated  stream  into  a  tubular  heater,  the 


Fio.  286. 


Fig.  287. 


Fio.  288. 


liquor  traversing  the  tubes  which  are  surrounded  by  the  hot  waste 
gases  from  the  saturator.  In  this  way,  raised  to  boiling  point,  it 
goes  forward  into  the  column  still,  which  is  supplied  with  steam  at 
a  regulated  pressure. 
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The  npper  portion  of  the  still  consists  of  a  series  of  trays  having 
each  a  oast-iron  hood,  through  the  serrated  edges  of  which  the  heated 
gas  travels  and  parts  with  its  free  ammonia.  Descending  into 
the  liming  chamber  of  the  still  the  liquor  mixes  with  the  cream 
of  lime  supplied  thereto  by  means  of  a  force  pump.  The  limed 
liquor  then  flows  into  the  lower  portion  of  the  still,  or  into  another 
smaller  still  adjoining,  and  passing  over  and  through  a  second 
series  of  trays  and  hoods  with  serrated  edges,  the  fixed  ammonia  is 
liberated. 

The  term  *<  free  ammonia"  is  not  strictly  accurate,  but  it  is  well 
understood  as  referring  to  the  ammonia  in  combination  with  the 
feeble  acids  sulphuretted  hydrogen  and  carbonic  acid,  as  ammonia, 
sulphide  and  carbonate,  and  which  is  liberated  by  boiling.  The 
"  fixed  ammonia,"  on  the  other  hand,  is  that  which  exists  in 
combination  with  hydrochloric,  sulphuric,  and  other  strong 
adds,  as  ammonia  chloride,  theocyanate,  sulphate,  theosulphate, 
and  ferrocyanide.  This  is  not  expelled  by  boiling,  but  is 
liberated  from  these  salts  by  decomposition  in  the  presence  of 
cream  of  lime.  The  proportion  of  free  ammonia  in  the  liquor  is 
about  70  per  cent.,  and  of  fixed  ammonia  about  30  per  cent,  of 
the  whole. 

The  ammonia  and  other  gases  escape  by  the  pipe  rising  from  the 
cover  of  the  still,  and  passing  first  through  a  baffle  box,  to  have  the 
moisture  removed,  they  go  forward  into  the  saturator.  This  is  made 
either  of  solid  virgin  lead  or  is  a  wood  vessel  lead-lined,  and  contains 
weak  sulphuric  acid,  which  on  being  sufficiently  saturated  with  the 
incoming  ammonia  gas,  precipitates  sulphate  of  ammonia  in  the 
vessel.  The  sulphate  is  then  fished  out  with  a  scoop,  or  is  discharged 
by  mechanical  means,  on  to  a  lead  draining  table. 

The  spent  liquor  flowing  from  the  still  should  not  contain  more 
than  -008  per  cent,  of  ammonia.  It  is  run  into  a  cooling  and 
depositing  tank,  and  thence  overflows  into  the  drain. 

The  waste  gases,  after  traversing  the  heater,  are  conveyed  away  by 
a  pipe  to  the  condenser,  and  forward,  either  through  an  open  purifier 
containing  oxide  of  iron,  or  through  a  Glaus  plant  for  the  recovery 
of  the  sulphur. 

In  actual  practice  the  intermittent  system  is  a  simpler  process,  the 
heat  being  applied  directly  to  a  boiler  containing  ammoniacal  liquor. 
The  firing  is  continued  until  the  ammonia  is  driven  off,  when  the 


378  NEWBIGGING'S  HANDBOOK   FOE 

residuary  water  is  run  out  of  the  boiler  and  the  vessel  re-charged  with 
ammoniaoal  liquor.  Steam  is  generated  at  the  same  time  that  the 
ammonia  is  driven  off,  and  the  two  together  conducted  to  the  satura- 
tor,  from  which  point  the  processes  are  similar. 

1  ton  of  average  gas  coal  yields  28  lbs.  of  sulphate  of  ammonia. 
100  tons  „  „  1}  tons  „  „ 

12  tons  (2622  gals.)  ammoniacal 

liquor,  5^  Twaddel,  yield  1    ton  „  „ 

The  strength,  and  consequent  value  of  ammoniacal  liquor,  is  com- 
monly ascertained  by  Twaddel's  hydrometer,  and  also  by  the  quantity 
of  sulphuric  acid  of  the  specific  gravity  1845  required  to  neutralize  the 
ammonia  contained  in  one  gallon. 

Each  degree  of  Twaddel  is  equal,  as  nearly  as  possible,  to  2  oz.  of 
acid  per  gallon  of  the  liquor  ;  hence  arises  the  description  of  its 
value: — 

Water  of  5  degrees  Twaddel  is  called  10-oz.  liquor. 
>»        6  „  „  12      „ 

II         '  II  i»  1^      i» 

And  so  on,  at  the  rate  of  2  ounces  for  each  degree,  so  that  10-oz., 
12-oz.,  or  14-oz.  liquor  means  ammoniaoal  liquor  of  such  a  strength 
-that  10-oz.,  12-oz.,  or  14-oz.  of  sulphuric  acid,  of  the  specific  gravity  of 
1845,  are  required  to  neutralize  the  ammonia  contained  in  a  gallon  of 
it.  Each  ounce  strength  is  equal  to  *847  oz.  ammonia  per  gallon  of 
liquor. 

To  convert  degrees  of  Twaddel's  hydrometer  into  specific  gravity, 
multiply  the  number  of  degrees  by  5,  and  add  1000  to  the  product. 

Example.— Twaddel  6x5-fl000=1080  specific  gravity. 

To  convert  specific  gravity  into  degrees  of  Twaddel,  deduct  1000 
from  the  specific  gravity,  and  divide  the  remainder  by  5. 

Example.— Specific  gravity  1080—1000-7-5  =  6  degrees  of  Twaddel. 

To  determine  the  weight  of  a  gallon  of  ammoniacal  liquor  of  any 
strength  find  the  specific  gravity  by  the  above  rule.  This  will 
represent  the  number  of  ounces  avoirdupois  in  weight  per  cubic  foot. 
Divide  by  16  to  ascertain  the  number  of  pounds  per  cubic  foot,  and 
by  6*25  (gallons  per  cubic  foot)  for  the  weight  of  a  gallon  of  the 
liquor. 
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Example. — Required  weight  per  gallon  of  10-oz«  liquor  (5^  Twaddd), 

(5x5)+ 1000 = 1025,  specific  gravity  and  weight  per  cubic  foot 
in  ounces  avoirdupois. 
1025 


16 
64-068 


=64*068  lbs.  per  cubic  foot. 

=  10*25  lbs.  weight  per  gallon  of  10-oz.  liquor. 


6-25 

Or  the  weight  may  be  found  more  expeditiously  by  the  rule  given 
immediately  after  the  next  table  on  page  880. 

It  is  well  known  that  the  greater  the  proportion  of  ammoniacal  gas 
contained  in  a  pure  solution,  the  less  the  density  or  specific  gravity  of 
such  solution.  How,  then,  it  may  be  asked,  is  the  apparent  contra- 
diction to  be  explained,  that  the  larger  the  quantity  of  ammonia 
contained  in  gas  liquor,  the  greater  the  density  ? 

The  explanation  is  to  be  found  in  the  circumstance  that  gas  liquor 
is  not  a  solution  of  ammonia  pure  and  simple,  but  contains  other 
gases  in  solution,  and  in  combination  with  the  ammonia  in  the  form 
of  salts,  which  increase  its  specific  gravity ;  and  the  more  ammonia 
liquor  contains,  the  greater  is  its  power  of  arresting  and  absorbing 
such  other  gases. 

It  is  by  reason  of  this  latter-mentioned  fact  that  Twaddel's  hydro- 
meter is  tolerated  as  a  gauge  of  the  strength  and  value  of  the  ammo- 
niacal liquor  of  gas-works.  At  the  best,  however,  its  employment  for 
this  purpose  is  very  xmsatis&ctory. 

The  method  of  testing  by  saturating  the  liquor  with  sulphuric  acid 
is  an  improvement  on  the  hydrometer ;  but  even  that  is  imperfect,  as 
has  been  pointed  out  by  Mr.  Oreville,  who  ascertained  by  experiments 
on  nine  different  samples  of  liquor  that  an  average  of  22*5  per  cent,  of 
the  ammonia  present  in  combination  was  not  indicated  by  the  acid. 

The  mode  of  testing  by  Mr.  Thomas  Wills  meets  the  difficulty.  His 
plan  is  to  mix  with  the  liquor  a  caustic  alkali  for  which  the  acids  of 
the  salts  contained  in  the  liquor  have  a  stronger  affinity  than  for  the 
ammonia  with  which  they  are  combined.  On  the  mixture  being 
strongly  heated,  the  salts  are  decomposed  in  presence  of  the  caustic 
alkali,  and  the  ammonia  being  driven  off  in  the  gaseous  state  and 
conveyed  into  a  solution  of  sulphuric  acid  is  secured  as  sulphate  of 
ammonia.  This  and  the  other  methods  of  testing  are  fully  detailed 
by  Mr.  Hartley  in  his  brochure  on  <*  Ammonia  Liquor  Tests." 
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TABLE 

Showing  tJis  Specific  Gravity^  Weight  per  Cubic  Footf  Weight  per  Gallon, 
and  Ounce  Strength  of  Ammoniacal  or  Gas  Liquor  of  different  degrees 
Twaddel. 


Specific  Qravity 

Specific  Gravity 

Degrees. 
Twaddel 
Liquor. 

andWei^t 

per  Cable  Foot 

inOonoes 

Weight 

per 
Gallon. 

Ounce 
Strength. 

Degrees 
Twaddel 
liiquor. 

and  Weight 

per  Cubic  Foot 

in  Ounces 

Weight 
Q^lon. 

Ounce 
Strength. 

Avoirdapois. 

lbs. 

Avoirdupois. 

lbs. 

0 

1000 

10-0 

0 

m 

1062-5 

10-625 

26 

i 

1002-6 

10-026 

1 

18 

1065 

10-66 

26 

1 

1005 

10-05  . 

2 

13i 

1067-5 

10-675 

27 

n 

1007-6 

10-076 

8 

14 

1070 

10-7 

28 

2 

1010 

10-1 

4 

14i 

1072-6 

10-725 

29 

^ 

1012-6 

10-126 

6 

15 

1075 

10-75 

80 

8 

1015 

10-16 

6 

16i 

1077-5 

10-776 

81 

8i 

1017-6 

10-176 

7 

16 

1080 

10-8 

32 

4 

1020 

10-2 

8 

m 

1082-5 

10-825 

88 

4i 

1022-6 

10-225 

9 

17 

1085 

10-85 

34 

6 

1023 

10-25 

10 

17i 

1087-6 

10-876 

36 

6h 

1027-6 

10-275 

11' 

18 

1090 

10-9 

36 

6 

1030 

10-3 

12 

18J 

1092-5 

10-925 

37 

6i 

1082-6 

10-825 

13 

19 

1096 

10-95 

88 

7 

1086 

10-36 

14 

19i 

1097-5 

10-975 

89 

7i 

1037-6 

10-375 

16 

20 

1100 

11-0 

40 

8 

1040 

10-4 

16 

20i 

1102-6 

11-026 

41 

Qi 

1042-6 

10-425 

17 

21 

1106 

11-05 

42 

9 

1046 

10-45 

18 

m 

1107-6 

11-076 

48 

n 

1047-6 

10-475 

19 

22 

1110 

11-1 

44 

10 

1060 

10-5 

20 

22i 

1112-6 

11-126 

45 

lOi 

1052-6 

10-625 

21 

23 

1116 

11-15 

46 

11 

1056 

10-65 

22 

2di 

1117-6 

11-176 

47 

Hi 

1057-5 

10-575 

23 

24 

1120 

11-2 

48 

12 

1060 

10-6 

24 

25 

1126 

11*25 

60 

It  will  be  seen  by  the  above  that  the  weight  of  the  liquor  in  pounds 
avoirdupois  per  gallon  is  obtained  by  simply  placing  the  decimal  point 
after  the  first  two  figures  of  the  number  representing  the  specific 
gravity.  Thus,  liquor  of  1025  specific  gravity  is  10*26  lbs. ;  and  of 
1087 '5  specific  gravity  is  10  "876  lbs.  weight  per  gallon. 

Each  degree  of  Twaddel  represents  850  grains  above  the  weight  of 
distilled  water.  Consequently,  5  degrees  represent  1750  grains,  or 
i  lb. ;  20  degrees,  7000  grains,  or  1  lb. 

In  Beaum6's  Hydrometer,  which  was  the  first  instrument  of  the 
kind,  the  divisions  are  equidistant ;  and  it  has  two  modes  of  graduation 
according  as  it  is  intended  for  liquids  heavier  or  lighter  than  water. 
This  instrument  is  the  one  principally  in  use  on  the  Continent. 
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BeaumS*8  Hydrometer'  Compared  with  Specific  OravUy. 
For  Liquids  Heavier  than  Water. 


Degrees 

Speoifio 

Degrees 

Speoifio 

Degrees 

Specific 

Beaoxn^. 

Gravity. 

Beaam^. 

Gravity. 

Beaom^. 

Gravity. 

0 

1000 

26 

1-206 

62 

1-620 

1 

1007 

27 

1-216 

63 

1-686 

2 

1-018 

28 

1-225 

64 

1-661 

8 

1020 

29 

1-236 

66 

1-667 

4 

1-027 

80 

1-246 

66 

1-688 

5 

1084 

81 

1-266 

67 

1-600 

6 

1-041 

82 

1-267 

68 

1-617 

7 

1048 

88 

1-277 

69 

1-684 

8 

1056 

84 

1-288 

60 

1-662 

9 

1063 

86 

1-299 

61 

1-670 

10 

1070 

86 

1-810 

62 

1-689 

11 

1-078 

87 

1-821 

68 

1-708 

12 

1-086 

88 

1.888 

64 

1-727 

18 

1094 

89 

1-845 

65 

1-747 

14 

1-101 

40 

1-867 

66 

1-767 

15 

1-109 

41 

1-869 

67 

1-788 

16 

1118 

42 

1-881 

68 

1-809 

17 

1126 

48 

1-396 

69 

1-881 

18 

1-184 

44 

1-407 

70 

1-854 

19 

1-148 

i          4^ 

1-420 

71 

1-877 

20 

1162 

1          46 

1-434 

72 

1-900 

21 

1160 

1          47 

1-448 

73 

1-944 

22 

1169 

48 

1-462 

74 

1-949 

28 

1178 

49 

1-476 

75 

1-974 

24 

1-188 

60 

1-490 

76 

2000 

25 

1-197 

)          61 

1-496 

BeaumS's  Hydrometer  Compared  with  Specific  Gravity. 
For  Liquids  Lighter  tlian  Water. 


Degrees 

Speoifio 

Degrees 

Speoifio 

Degrees 

Specific 

Beaomd. 

Gravity. 

Beamn^. 

Gravity.     . 

Beaom^. 

Gravity. 

10 

1-000 

27 

0-896 

44 

d-811 

11 

0-998 

28 

0-890 

46 

0-807 

12 

0-986 

29 

0-886 

46 

0-802 

18 

0-980 

80 

0-880 

47 

0-798 

14 

0-978 

81 

0-874 

48 

0-794 

15 

0-967 

82 

0-869 

49 

0-789 

16 

•     0-960 

88 

0-864 

60 

0-786 

17 

0-964 

84 

0-869 

61 

0-781 

18 

0-948 

85 

0-864 

62 

0-777 

19 

0-942 

86 

0-849 

68 

0-778 

20 

0-936 

87 

0-844 

64 

0-768 

21 

0-980 

38 

0-889 

56 

0-764 

22 

0-924 

89 

0-884 

56 

0-760 

23 

0-918 

40 

0-830 

57 

0-767 

24 

0-918 

41 

0-826 

.  68 

0-758 

26 

0-907 

42 

0-820 

69 

0-749 

26 

0-901 

43 

0-816 

60 

0-745 
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Sulphur  Recovery. — Glaas*A  plant,  made  by  C.  and  W.  Walker, 
for  the  recovery  of  sulphur  in  a  marketable  form  from  the  sul- 
phuretted hydrogen  passmg  from  the  saturator  in  the  manufacture 
of  sulphate  of  ammonia,  is  not  only  efficient  for  the  purpose,  but  it 
possesses  the  further  merit  of  simplicity. 

The  hot  gases  from  the  saturator  are  passed  through  the  heater  of 
the  sulphate  plant,  where  they  are  partially  cooled  in  heating  the 
liquor  flowing  towards  the  still,  and  thence  through  the  condenser 
where  they  are  cooled  to  the  temperature  of  the  air.  They  then  pass 
into  the  air  inlet  box  into  which  air  is  pumped  in  the  proportion  of  2} 
parts  air  to  the  sulphuretted  hydrogen.  The  mixture  of  gas  and  air 
then  enters  the  kiln  ;  which  is  of  wrought-iron  lined  with  fire  bricks, 
and  haying  a  fire  brick  grate  on  which  rests  a  layer  of  loose  broken  fire 
bricks  covered  with  a  layer  of  hydrated  oxide  of  iron  about  three  feet 
deep.  Passing  down  through  the  oxide  of  iron,  the  oxygen  of  the  air 
combines  with  the  hydrogen  of  the  H^S,  forming  water,  leaving  the 
sulphur  to  unite  with  the  iron,  forming  sulphide  of  iron,  which  is  im- 
mediately reoxydized  by  the  air.  The  reaction  takes  place  with  such 
rapidity,  that  the  mass  of  oxide  becomes  incandescent,  the  heat  so 
caused  volatilizing  the  sulphur,  which  goes  forward  with  the  other  gases 
through  the  fire  brick  grating  at  the  bottom  of  the  kiln  into  the 
depositing  chamber.  This  chamber  is  built  of  ordinary  brickwork, 
excepting  the  portion  nearest  the  kiln,  which  has  a  lining  of  fire  brick. 
A  number  of  transverse  baffle  walls  in  the  chamber  retard  the  flow  of 
the  gas  and  finely  divided  sulphur,  cooling  the  latter  and  causing  its 
deposition. 

The  chamber  is  covered  with  slate  slabs,  and  in  the  side  walls  are 
doorways  for  clearing  out  the  sulphur  at  intervals. 

The  waste  gas  remaining  passes  through  a  cast-iron  scrubber  filled 
with  limestone,  down  which  a  small  stream  of  water  is  constantly 
flowing,  and  in  this  any  sulphurous  acid  gas  which  may  be  present  is 
arrested.  Finally,  an  open  purifier  filled  with  oxide  of  iron  receives 
the  spent  gas,  and  arrests  any  H^S  that  may  have  escaped  decomposi- 
tion, whilst  the  remaining  innocuous  gas  escapes  into  the  air. 

Should  there  be  an  excess  or  insufficiency  of  air  delivered  into  the 
kiln  with  the  foul  gases,  the  outlet  gas  of  the  chamber  will  contain 
traces  of  sulphurous  acid  or  sulphuretted  hydrogen,  which  are  taken 
up  respectively  by  the  limestone  scrubber  and  the  oxide  purifier. 

Under  proper  conditions  of  working,  the  yield  of  marketable  sulphur 
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reaehes  90  per  cent,  of  the  sulphur  passing  into  the  kihi,  and  is  of  very 
pare  quality/  In  Figs.  286,  287,  and  288,  are  shown  0.  and  W. 
Walker's  sulphate  of  ammonia  plant,  and  the  Glaus  sulphur 
reoovery  plant  alongside. 

Cyanogen. — Within  recent  years  the  development  of  the  cyanide 
process  of  gold  extraction  has  caused  more  attention  to  be  paid  ta 
the  recovery  of  the  cyanogen,  which  has  long  been  known  to  be 
present  among  the  crude  products  of  the  distillation  of  coal  in  gas 
manufEusture.  There  are  three  methods  at  present  in  use  for 
obtaining  this  residual  product  in  a  marketable  form.  They  are  all 
based  upon  the  conversion  of  the  cyanogen,  which  exists  in  the  raw 
gas  chiefly  as  hydrocyanic  acid,  into  a  ferrocyanide  of  an  alkali. 

By  the  first  method,  the  production  of  Prussian  blue  in  the  oxide  ot 
iron  purifying  material  is  fMilitated ;  and  after  the  oxide  is  spent, 
ferrocyanide  of  potash  or  soda  is  obtained  by  lixiviating  the  spent 
material  with  the  requisite  alkaline  liquid.  The  conditions  most 
favourable  for  the  absorption  of  cyanogen  by  oxide  of  iron  are,  how- 
ever, opposed  to  economical  purification  from  sulphuretted  hydrogen,^ 
so  that  this  method  of  recovery  is  not  one  to  be  recommended. 

By  the  second  method,  a  salt  of  iron  is  added  to  the  ammoniacal 
liquor  employed  in  scrubbing  the  gas  in  the  ordinary  scrubbers  or 
washers,  whereby  ferrocyanide  of  ammonium  is  formed  in  the  liquor ; 
whence,  after  the  ammonia  has  been  distilled  off,  it  can  be  recovered 
by  predpitaticm  with  copperas,  or  other  iron  salt,  and  subsequent 
conversicm  by  an  alkali,  into  alkaline  (sodium  or  potassium)  ferro- 
cyanide. After  separating  out  the  ferrocyanide,  any  sulphocyanide 
contained  in  the  ammoniacal  liquor  may  also  be  recovered  by  precipi- 
tation with  a  salt  ot  copper. 

By  the  third  method  of  recovery,  a  special  scrubber  is  employed 
after  the  ordinary  apparatus  for  the  extraction  of  the  ammonia  and 
before  the  purifiers  proper.  In  this  vessel  the  gas  is  scrubbed  with  a 
solution  of  soda  holding  an  iron  salt  or  salts  in  suspension.  Ferro- 
cyanide of  sodium  is  thereby  formed  directly  in  the  scrubbing  liquid, 
whence  it  can  be  obtained,  but  in  a  very  crude  and  impure  form,  by 
simple  evaporation. 

It  should  be  added  that  only  in  very  few  instances  has  the  recovery 
of  cyanogen  been  attempted  on  any  large  scale.  Moreover  the 
amount  to  be  recovered  is  so  very  small  that  it  is  doubtful  whether^ 
except  in  special  circumstances,  its  recovery  would  be  financially 
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snocessfol.  The  total  amount  available  for  recovery  varies  with 
different  coals  and  conditions  of  carbonization.  It  may  be  taken  as 
equivalent  to  from  1  lb.  (or  even  less),  to  8  or  4  lbs.  of  ferroeyanide 
(yeUow  prussiate)  of  potash  per  ton  of  coals,  the  higher  amounts  only 
being  reached  when  very  high  heats  are  employed. 

Applications  of  Suipitate  of  Ammonia  in  Agriculture. — Mr. 
W.  Arnold  gives  the  following  general  directions  for  the  application 
of  sulphate  of  ammonia  in  agriculture,  and  a  list  of  the  crops  for 
which  it  is  most  suitable  : — 

Sulphate  of  ammonia  is  one  of  the  most  powerful  fertilizers  known 
to  modem  science.  It  is  especially  rich  in  nitrogen ;  and  when  used 
either  by  itself  or  in  conjunction  with  farmyard  manure,  its  good 
effects  are  written  so  plainly  in  better  quality  and  largely  increased 
yield  of  com,  that  no  fftrmer  who  has  once  used  it  will  ever  give  it  up, 
but  will,  on  the  contrary,  annually  in<»ease  its  use  upon  his  farm. 

When  bought  at  first  hand  from  a  gas-works,  sulphate  of  ammonia 
is  guaranteed  to  contain  more  than  twenty  per  cent,  of  nitrogen.  Hence 
its  excellent  effect  upon  ail  com  crops,  which  is  chiefly  expended  in 
increasing  the  yield  of  grain,  but  not  the  straw ;  and  there  is,  there- 
fore, much  less  risk  of  *<  lodging  "  from  heavy  rains.  This  is  a  very 
important  advantage.  Then,  manure  rich  in  nitrogen  increases  the 
proportion  of  gluten  in  cereals ;  and  this  increase  is  stated  by  Boussin- 
gault  to  be  as  much  as  10  per  cent.  With  an  increase,  therefore,  of 
10  per  cent,  in  quality  and  of  20  per  cent,  in  yield,  the  use  of  sulphate  of 
ammonia  ought  to  be  increase  tenfold,  to  the  great  advantage  of  the 
English  farmer,  for  both  may  be  done. 

The  most  suitable  dressing  is  one  of  from  2  to  8  cwt.  per  acre, 
mixed  with  an  equal  weight  of  fine  dry  earth  or  sand,  and  applied 
early  in  the  spring  (say  March  or  Apri)),  in  moist  or  showery  weather. 
It  diould  be  thoroughly  mixed  in  a  bftm  or  dry  shed ;  and,  if  at  all 
lumpy,  beaten  with  a  shovel,  and  passed  through  a  45-mesh  riddle. 
It  should  be  carefully  sown  by  hand ;  or,  if  in  large  quantities,  with  a 
manure  drill.  If  wheat  is  to  be  grown  entirely  with  sulphate  of 
ammonia,  it  is  better  to  put  it  on  in  two  dressings — one  half  in  autumn, 
and  the  other  half  in  spring. 

Upland  or  meadow  grass,  wheat,  barley,  oats,  rye,  colza,  hemp, 
mangel-wurzel,  cabbages,  hops,  .garden  produce  generally,  and  bec^ 
root  (when  grown  for  sugar),  ar^e  the  crops  most  largely  benefited  by 
this  manure ;  simply  because  ni;jbrogen,  which  is  its  dominant  element. 
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enters  largely  into  their  composition.  For  instance,  colza,  hemp,  and 
beetroot  reqaire  each  of  them  70  lbs.  per  acre  of  nitrogen  to  prodace  a 
fall  and  healthy  crop ;  wheat,  58  lbs. ;  and  barley,  oats,  and  rye,  85 
lbs.  per  acre  each. 

Beans,  peas,  sainfoin,  or  clover,  in  which  potash  is  the  dominant 
element,  are  not  benefited  by  an  application  of  salphate  of  ammonia  ; 
but  almost  all  other  crops  that  can  be  grown  will  richly  repay  its  use. 

In  the  case  of  a  crop  thinned  out  by  wireworm,  the  ravages  of  birds 
or  insects,  or  by  a  severe  winter,  the  application  of  2  cwt.  of  sulphate 
of  ammonia  early  in  the  spring,  and  lightly  harrowed  in,  will,  in  many 
cases,  cause  a  crop  that  looked  only  fit  to  plough  up,  to  tiller  freely, 
and  grow  away  into  a  full  yield  of  com  for  the  district. 

Mr.  Magnus  Ohren  states  the  exact  quantity  of  sulphate  of  ammonia 
which  he  considers  is  required  for  different  crops,  as  follows : — 

For  Grass  Land. — 1^  cwt.  per  acre ;  to  be  put  on  the  land  in  the 
month  of  April,  before  or  after  a  shower  of  rain. 

For  Wheat,  Oats,  and  Barley. — 1  cwt.  per  acre  for  wheat,  in 
April ;  1  cwt.  per  acre  for  oats,  in  April ;  1^  cwt.  per  acre  for  barley 
in  April. 

For  Vines. — 1  bushel  on  the  vine  border,  lightly  forked  in,  in  the 
months  of  March,  April,  May,  and  September.  This  quantity 
(1  bushel)  to  be  for  the  nourishment  of  four  vines. 

For  Onion  Beds. — A  good  sprinkling  over  the  beds  two  or  three 
times  during  the  growth  of  the  onions. 

For  Potatoes. — IJ  cwt.  per  acre  as  a  top  dressing,  before  the 
haulms  appear  above  ground. 

For  Qreeniiouse  Plants. — A  large  teacupful  in  a  bucket  of  water, 
to  water  the  greenhouse  plants  with  twice  a  week.  Not  to  be  used, 
however,  for  heaths,  rhododendrons,  or  orchids. 

For  Peach,  Apricot,  Plum,  Currant,  and  Gooseberry  Trees. — 
A  similar  solution  to  that  given  for  greenhouse  plants,  in  the  months 
of  Mfurch,  Apnl,  and  May.  Bose  trees  and  garden  plants  generally 
are  benefited  by  the  use  of  the  solution.  Celery,  cabbages,  and  cauli- 
flowers also  grow  well  when  watered  with  the  solution. 

For  the  Raising  of  Healthy  Plants  from  Seeds. — Sprinkle  a 
good  quantity  of  the  sulphate  on  the  seed  beds,  and  then  water  them 
a  week  before  sowing  the  seeds.  Melons  and  cucumber  plants  also 
are  much  benefited  by  the  sulphate  of  ammonia. 

Note. — All    vegetation,    excepting    heaths,    rhododendrons,   and 
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orchids,  is  rendered  more  loxariant,  healthier,  and  consequently  freer 
from  the  destructive  attacks  of  insects,  by  the  use  of  sulphate  of 
ammonia.  In  the  spring  of  the  year  vegetation  requires  a  condensed 
antiseptic  and  nourishing  food  to  enable  it  to  withstand  the  blighting 
effects  of  the  north-easterly  winds,  which,  being  the  least  electrical  of 
all  the  winds,  lower  its  vitality,  and  thus  conduce  to  disease. 

The  comparative  manurial  value  of  equal  weights  of  sulphate  of 
ammonia  and  nitrate  of  soda,  based  on  their  nitrogen  contents,  is  as 
follows : — 

Sulphate.  Nitrate. 

Containing  24  per  cent. 

Ammonia.  96  per  cent,  punty. 

1-000  ..         ..  0-792 

1-268  ..         ..  1-000 

Spent  Oxide  of  Iron. — The  oxide  of  iron  used  in  gas  purifi- 
cation may  be  considered  as  ''spent"  when  the  quantity  of  free 
aulphur  contained  in  it  ranges  between  45  and  55  per  cent,  by 
weight  of  the  whole  bulk  of  the  material. 

Although  by  continuing  to  use  it  the  proportion  of  sulphur  can  be 
increased,  it  is  not  economical  to  do  this  beyond  a  certain  point,  as 
the  purifiers  would  have  to  be  changed  more  frequently,  and  the 
labour  required  for  that  purpose  would  be  out  of  proportion  to  the 
benefit  derived.  If,  however  (see  ante  pp.  109  and  110),  a  small 
proportion  of  air  or  oxygen  is  sent  through  the  purifiers  along  with 
the  gas,  revivification  in  situ  is  effected,  and  the  oxide  can  be  charged 
With  75  per  cent,  of  free  sulphur. 

In  addition  to  the  sulphur,  the  spent  oxide  usually  contains  a  small 
percentage  of  salts  of  ammonia,  and  some  insoluble  cyanides  of  iron, 
which  are  of  value. 

The  spent  oxide  is  generally  sold  at  per  unit  of  contained  sulphur* 

Mr.  Andrew  Stephenson  has  devised  a  handy  apparatus  (Fig.  289) 
for  estimating  the  amount  of  sulphur  in  the  oxide,  and  gives  the  fol- 
lowing instructions  for  using  the  same : — 

Weigh  100  grains  of  spent  oxide,  dry  at  212°  Fahr.,  and  wdgh  (o 
ascertain  moisture ;  put  the  dried  material  in  the  test-tube,  A,  which 
is  provided  at  the  bottom  with  a  filter  of  cotton  wool. 

Bisulphide  of  carbon  is  then  blown  from  the  holder,  B,  into  the 
test-tube,  A,  on  top  of  the  spent  oxide.    It  percolates  the  mass 
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gradually,  and  dissolves  oat  the  sulphur  ;  the  solution  finding  its  way 
bj  gravitation  into  the  flask,  G,  which  is  placed  in  a  water-bath. 

The  Bunsen  burner  is  then  lighted,  and  the  appUoation  of  heat  soon 
Taporizes  the  bisulphide  of  carbon  from  the  flask,  C.  The  vapour  finds 
its  way  through  the  connecting  tube  into  the  condenser,  and  is 
recovered  in  the  receiver,  D,  under  water,  ready  for  further  use. 

The  sulphur  is  left  in  the  flask  (the  weight  of  which  has  been  pre- 
viously noted) ;  and  when  all  the  bisulphide  of  carbon  is  driven  off,  the 
-quantity  of  sulphur  may  be  ascertained. 

Fit  the  filter  in  the  test-tube  with  care.  If  too  tight,  it  will  pre- 
vent filtration ;  if  too  loose,  ii  will  permit  some  of  the  oxide  to  pass 
through . 


Fig.  289. 

Three  or  four  times  the  bulk  of  the  oxide  is  about  the  proportion  of 
bisulphide  of  carbon  necessary  to  dissolve  out  all  the  sulphur. 

It  must  always  be  borne  in  mind  that  bisulphide  of  carbon  is  very 
inflammable,  and  in  the  gaseous  state  when  mixed  with  air  in  certain 
proportions  it  is  explosive.  The  bisulphide  in  the  holder,  B,  should  be 
covered  with  water. 

It  is  best  to  melt  the  sulphur  in  the  flask  before  weighing,  to  drive 
off  all  bisulphide  of  carbon. 

Gas  Lime :  its  Composition,  and  Use  in  Agricuiture. — In  a 
valuable  paper  on  gas  lime,  published  in  the  Journal  of  Gas  JjUfhtirifir 


*  See  Vol.  XIV.,  p.  210. 
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Professor  Voeloker  states  that  a  copious  supply  of  air  is  necessary 
to  transform  the  injurious  sulphur  compounds  contained  in  the 
material  into  fertilizing  agents. 

When  exposed  to  the  air  (and  the  longer  it  is  kept  exposed  the^ 
better),  gas  lime  is  in  some  respects  superior  to  quick  lime  as  a 
manure. 

The  oxygen  of  the  atmosphere  destroys  the  ofifensive  smell,  and 
changes  the  sulphuret  of  calcium  in  it — first  into  sulphite,  and  finally 
into  sulphate  of  lime  or  gypsum,  well  known  as  a  valuable  fertilizing 
substance. 

In  addition  to  its  chemical  virtues,  gas  lime  exercises  a  beneficial 
mechanical  effect  upon  land,  by  rendering  stiff,  heavy,  clayey  land  more 
porous  and  friable,  and  by  consolidating  light  sandy  soils. 

The  crops  which  are  particularly  benefited  by  gas  lime  are — clover^ 
sainfoin,  lucerne,  peas,  beans,  vetches,  and  turnips.  It  is  a  usefulv 
fertilizer  for  permanent  pasture,  destroying  the  coarser  grasses,  and! 
fftvouring  the  growth  of  a  sweeter  and  more  nutritious  herbage. 

It  kills  moss,  heath,  feather  grass,  and  other  plants  characteristic 
of  peaty  land,  its  application  to  which  cannot  be  too  strongly  recom- 
mended. 

As  a  general  rule,  two  tons  per  acre  is  the  quantity  of  gas  lime- 
which  ought  to  be  put  on  land. 

The  proper  time  for  its  application  is  in  the  autumn  or  winter. 

During  the  period  of  storage,  the  heap  should  be  turned  over  once^ 
or  twice  to  ensure  its  complete  exposure  to  the  air. 

The  following  is  an  analysis  by  Professor  Voelcker  of  a  sample  of. 
gas  lime,  kept  long  enough  to  be  used  with  safety  as  a  manure. 

Composition  of  Gas  Lime  {Dried  at  212^  Fahr.). 

Percent. 

Water  of  oombination  and  a  little  organic  znAtter 7*24 

Oxides  of  iron  and  alumina,  with  traces  of  phosphoric  acid    .     .     .      2*49 

Sulphate  of  lime  (gypsnm) 4*64 

Sulphite  of  lime *     .     .     .  15*19' 

Carbonate  of  lime 49*40 

Canstic  lime 18'23 

Magnesia  and  alkalies 2*63 

Insoluble  siliceous  matter 0*28 

10000 
In  fresh  gas  lime  the  proportion  of  water  varies  usually  from  30  to  40  per  cent. 
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TABLE 

thawing  tlie   results    Obtained   by   the   application  of  certain  Manures 
to  Land,     {Mr,  Wilson,  of  Largs,) 


Manure. 


Left  untonolied 

21.  barrels  of  qnioklime    .     . 

1  ton  of  lime  from  gas-works 
4|  owt.  of  wood  charcoal  powder 

2  bushels  of  bone  dust  .  . 
18  lbs.  of  nitrate  of  potash  . 
80  lbs.  of  nitrate  of  soda  .  . 
10  bushels  of  soot  .... 
28    lbs.  of  sulphate  of  ammonia 

100    gals,  of  ammoniacal  liqaor  from) 
gas-works J 


Prodnoe 

of  the  Lot 

in  lbs. 


420 
602 
661 
666 
698 
742 
784 
819 
874 

946 


Pounds  of 

Hay 
per  Acre. 


8860 
4816 
6208 
6820 
6644 


6272 
6662 
6776 

7662 


Increase  per 

Acre  over  thai 

Untouched. 


1466 
1848 
1960 
2184 
2676 
2912 
8192 
8416 

4202 


The  land  was  a  piece  of  three  years'  old  pasture,  of  uniform  quality, 
^vided  into  10  lots  of  20  perches  each.  All  the  lots  were  manured  at 
the  same  time  with  the  articles  given  in  the  table,  and  the  grass  cut 
4Uid  made  into  hay  in  July.    Each  application  cost  the  same. 

Ammoniacal  liquor  is  best  applied  at  the  following  strength  : — 

Ammoniacal  liquor  (6°  Twaddel) 1  part. 

Water 7  parts. 

The  proper  time  for  its  application  is  in  the  spring,  afber  the  grass 
lias  commenced  growing,  and  during  cloudy  weather.  It  may  be 
sprinkled  on  the  land  as  water  is  applied  to  the  streets  of  towns  to  lay 
Hie  dust. 


390 


NEWBIGGING'S   HANDBOOK   FOB 


J.    »   *  h  ii  i* 

§  o3  g..i  8.- 


§ 


Jl  1i 


a  a  ^'§  o^  a-S  o 

Jw-^d  ^  g  s  *  g  r 

0>H Q 


„  €1  Of  ■*; 

♦-^  Jh  -**    tfl 

£  g  fls 

5  S*^  Si 

-,  -,  o*a 

^  o  >  3 


I* 


1 


i^ 


o 


:ti) 
£ 

5" 


•■s 

i 


a 

■oo 


1 

0 
O 

s 


GAS   ENQIKEEBS   AND   MANAOEBS. 


391 


i    i    i 


1    1    U    I 


I 


I      2 
I      I 


8  . 

II 


n 
6" 


o 

n 


o 

m 


» 

• 


I 


o 

i 


H 


4    4    11 


ll 
^4 


I. 
i| 


392 


NEWBIGGING'S   HANDBOOK   FOR 


IIP 

2  3*9 


g 


1 2'B'p  e  OS  •? 


_C  J  +*         W  D     - 

a,  d  o  *;*3  °  *  o  :: 


*Ta": 


■ij 

"si 

■^  o  be 


g 


1*0  "i 

*^  2.5 


=53 


I' 
1^^ 


II     II 


•i    i    ^ 


§  i 


s 


2^ 


^1 
I" 


•  » 


n 


o    o 
to   a' 


I 

1 


I 

M 


•1^ 
IBII 


3 


GAS   ENGINEBBS   AND  MANAGEES. 


393 


tils" 

8  St!  £ 
5  SS  ^- 


3  a  03  't^ 
-^ 


>  (U  *^  *^  +"  ♦^  t^f  —•  ^  -^  ^  Q 

■4N  HM 


li 
II 

q  O 

11 

•sS 


111 
111 


<S 


tc^  O  g  tc  Pd 

HPK 

Hill  i 


1-^ 


llil 


5         ^ 


a 


it 


II 

i 


I 


•« 

I 


5 


1 


8 


o 


•     •     * 
o    o   o 


e. 


I 


I 


i 

I 

II 


I 


li 


I 


§  § 


394 


NEWBIGGING'S  HANDBOOK  FOE 


i 


•sS  1 


^^'o  ^  ^  3  a  a 

■d  '^  S   tJ  :  _-a  Lf2  n 


^  ^   S   g   «   BS   ^   ^ 


&« 


j^^l^ 


'3  3  M  a  13  £  sa-S,S 


^^,  S!  « 


CO   ^   !fi  o  £^S  ^  43  ^ 


^1    ^u    or    n  ^^  ^^ 
1^  —  '^    dT  jrf!  -^    "P  43    ►» 


i  i  § 


h 

1^ 


gil   « 

?  Is  i 


9 


•3 

3 


^1 
1^ 


o 
d" 


{jf   W  .  ►^'*   W 


1 


»  o 


;•! 


I 


I 


a  1 
i    i 


1 


1 


GAS  ENGINEEBS  AND  M  ANA  GEES. 


395 


1^ 


H 


It 

•a   . 

SI 


1*3 

||w 

•^   O    ID 

a  a2 
o  5  ^ 


"2  o6 


I 


It 
Is 


III 


s^ 


111 


I 


i 


i 

3 


II         1 


I 


t3  "t 

«  w 


pSSa-l 


I  :  :  I 


-a 


pq    pq    pq    pq    pq 


9 


II 


» 


396 


NEWBIGGING'S   HANDBOOK   FOB 


I 

a 
& 


s 

I 

a 

8 

i  *  - 

1 1 1 

■s    °    "S 

I  1 .1 

I  111 

lit! 

^    <    '^ 


i 


jl»e  s  ^  ' 
Owe  -^^"t; 


1^1 


I 


I 

I 


2 


11 


|5 

I 


t3 


5 


» 


M 

« 

a 


GAS   ENGINEEBS   AND   MANAGEBS. 


397 


I 

s 


§||sISS5 


'•g 


go  0*^33 

OH 


5sri 


I 


1 
£ 

I 


I  I 


IS 


n      II 

!  i 

s 


3 


%■■ 


3j 
il 


W 


S" 
o 


tfl   tS  w 

a  a  ° 


I 


O 


398 


NEWBIGGING'S   HANDBOOK   FOB 


I 


^4    <^ 


II  ill 


51s  si 

3  «  O  O 

=^«.  E  1.5  S 


h  fe  « 

i!l 

O   0  .• 

111  I 

^«s  1 


I 


09  tf  ^  a   .  • 

*  ci  •  a  * 

^  —  -c  ^  'a  ° 
^3^  •  o  § 

55l8es 


s  * 


^1 


I 


n 

••  i 

3 


C9 


1       Jl 

:   I      31 


« 
.S 


1c 

0    P 


1^ 
il 


13  tg 

3   <3 


^ 


a 


S5  3 


I 
I 


;! 


J3 


11 


I.  IJ 

fl  II 


i  ^  o  ^  I  fl 

f^—     9*^     B'M 

^  s  s 


e    . . 

e  S 

5-g.55 


1 


1^ 

^   IJ 

-I  m 


GAS   ENGIKEEBS   AND   MANAGEBS. 


399 


filSSS  CIO  ^ 


I  IPS' 


2^     *-      tfn 


■assc 


O       C  S  *f  ■♦^ 
r-t  Q'^  S;  3  M 

.3  &  ^  -  " 


«  ?f  &C  S"^ 


*^  ^  ,S  C3 


O ^-L_ 


.  g?  13  ^  ^  IB 


£ 


ml 


I- 


I 

1 


'C'H'E    t  "h 

0   0   0         0         0 
qj   D   Qt         9  Oi 


AS 
U 

r 


tQPp^  n   pq 


III 


0 

Q 


400 


NEWBIGGING'S    HANDBOOK   FOB 


a 


I  I 

^  1 

1  I 

1  i 


d 


a  '88 


g^ 


mtin    1 1 


O.S  =  -  lis* 


§?; 


II 


Si 
S  «s 

00 


:S 


I 


I    I 


aP 


^ 

^ 


^s" 


^    a 
a    5 


OK 


3 


a 
i  "^ 

S  2  ® 


:l 


o  'O 


^1 


1^.  i 


H  llll  1 1 


f^P^P^ 


»iN 

S 


I 

I 

P4 


1 


GAS   ENGINEERS    AND    MANAGERS. 


401 


3     s 


5 

§       8 


^      1 


3      3' 


-3         ^^ 


El 


3  ;^T^     ^:^     QQ 

S^      g^      1^ 
si      §:^      S;^^ 


C^ 


5| 
S3 


H_  _ 


■s  rt  a>       s  «D .  "^ 

3  o  g  a  -^a  g-j^ 


ffl  *  ^   —   ■"   aj        *i 

A>u^^        w^  a  m  ^ 


w  .K  '-  -     S  "o  o 


*  a  *    -S  3"?  =  o 

5_^  ID  P  ?  F^  a  ea 


S  tr 


& 


1^ 


8  . 


w 

6 


» 

» 

<5a 

(9 

i3 

l« 

(3 

o 

6o= 

o 


55 


i 


I 


I 

3 


pL4      QPPQp^CO      CQ  CQ 


a 
o 

a 
a 

Pi 

CG 


s" 

fl^ 

0 

J:s 

•§ 

so 

^  ® 

o"S 

•rS 

•s| 

'S 

^f 

•500 

•f» 

2   D 


402 


NEWBIGGINGS   HANDBOOK   FOR 


I 
I 


S  1 

bC  H 

°  '5 

I  i 

I  I 


i«3l|l 

^  Hi  d  <  4  ,       a 


B    A    «C     1^    B    r 


^*d«if  • 


111  31is?j5| 

g  £  «r  G    g.^  I 


J3"  si's  11 


aj  **  5S  *  ^  e£ 


h 


S 


OS 


•3 


h 

$ 

•      CO 

OO 

O 

GQ 

5 

CO 

» 

a 

09 

•     • 

.go 

^ 

S 

i 

• 

1  • 

• 

^ 

"S 

s 

d 

1 

3 

ho-hydrooa 
hur  .     . 

buret  of  C 
Bulphide  of 
huretteU  H 

!2 

< 

1 

.a 

1! 

so 

P*      Q» 

^^  ^ 

o« 

003 

§ 

H     -a 

to      BQ 

00      03 

a 

•5^ 

1 


GAS    ENGINEEBS    AND    MANAGERS. 


403 


I 

a 
S 


•2-2 s- 1*^*1^  o 

^tj  g-i  8:2  i-S  *-' fi 


o 

I 


a 
•8 

a 

3 
•§ 


a  ^=-3^  1 8 

"-.3  5  2  ft^a 

£  o  S 


1  lil|l||t 

1  imm 


0)3  2  K  aSS 


COO 


Mj5  O 

H 


SI 


°         o 


•000  ■> 

111 


II 

58» 


8  . 


&', 


o   6 


§ 

2 


It 


5.isll 


a 

o 

I 


as      o 


I 


2  D  2 


404 


NEWBIGGING'S   HANDBOOK   FOR 


TABLE    OP    ELEMENTARY    SUBSTANCES. 


Names  of  Elements. 


Alominiam 
Argon     . 

Antimony  (Stibium) 
Arsenic  . 
Barinm  . 
Beryllinm 
Bismnth 
Boron 
Bromine 
Oftdmium 
Gssium  . 
Galcinm. 
Carbon  . 
Cerinm  . 
Chlorine. 
Chromium 
Cobalt    . 
Copper  (Cnpram) 
Did3rmiom 
Erbium  . 
fluorine. 
Ghdlinm. 
Germanium 
Gold  (Aurum) 
Helium  . 
Hydrogen 
Indium  . 
Iodine 
Iridium  . 
Iron(Ferrum)  . 
Lanthanum 
Lead  (Plumbum) 
Lithium      .     . 
Magnesium 
Manganese(Manganium) 


Q,__v«.i„  I  Atomic 
^y™^**-|  Weights. 


Al 

A 

Sb 

As 

Ba 

Be 

Bi 

B 

Br 

Cd 

Cs 

Ca 

C 

Ce 

CI 

Cr 

Co 

Cu 

D 

£ 

F 

Gu 

Ge 

Au 

He 

H 


27-04 
20 

119-6 
74-9 

136-86 
9-08 

207-5 
10-9 
79-76 

111-7 

132-7 
39-91 
11-97 

141-2 
36-37 
62-45 
68-6 
63-18 

145 

166 
19-06 
69-6 
71-9  1 

196-8 
2 
1       ' 


Names  of  Elements.       iSjmbols. 


In 

113-4  1 

I 

126-64* 

Ir 

192-5  1 

Fe 

65-88| 

La 

188-5  j 

Pb 

206-89 

Li 

7-0l' 

Mg 

23-94 

Mn 

1 

54-8 

Mercury  (Hydrarg.) 
Molybdenum  .  . 
Nickel  . 
Niobium 
Nitrogen 
Osmium 
Oxyg*»n 
Palladium  .  . 
Phosphorus  •  . 
Platinum  .  .  . 
Potassium  (Kalium) 
Bhodium  .  .  . 
Rubidium  .  .  . 
Ruthenium  .  . 
Samarium .  .  . 
Selenium  .  .  . 
Scandium  .  .  . 
Silicon  .... 
Silver  (Argentum) 
Sodium  (Natrium) 
Strontium  .  . 
Sulphur  .  .  . 
Tantalum  .  .  . 
Tellurium .  .  . 
Thallium  .  .  . 
Thorium  .  .  . 
Tin  (Stannum)  . 
Titanium  .  .  . 
Tungsten  (Wolfram] 
Uranium  . 
Vanadium. 
Ytterbium . 
Yttrium  . 
Zinc  .  . 
Zirconium. 


Hg 

Mo 

Ni 

Nb 

N 

Os 

O 

Pd 

P 

Pt 

K 

Rh 

Rb 

Ru 

Sm 

Se 

Sc 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

Tl 

Th 

Sn 

Ti 

W 

U 

V 

Yb 

Y 

Zn 

Zr 


Atomic 
Weights. 


199-8 
95-9 
68-6 
93-7 
14-01 

196 
16-96 

106-2 
30-96 

194-8 
3903 

1041 
85-2 

103-5 

148-9 
78-87 
43-97 
28-3 

107-66 
23 

87-3 
31-98 

182 

126-3 

203-7 

231-96 

117-35 
48 

183-6 

289-8 
511 

171-7 
89-6 
64-8 
90-48 


CHEMICAL    AND    OTHER    MEMORANDA. 


The  compounds  of  the  non-metallic  elements  with  the  metals  and 
with  each  other  have  names  ending  in  "  ide  **  or  '*  nrec  '* ;  as  Fe  S, 
sulphide  or  sulphuret  of  iron. 

When  two  or  more  atoms  or  equivalents  of  the  non-metallic 
elements  enter  into  combination,  the  number  of  atoms  or  equivalents 
is  expressed  by  prefixes. 
Mon  .    .     .  means  1  atom,  as  N,  0,  nitrogen  mon-oxide. 
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Di,  bin,  or  bi  means  2  atoms,  as  N,  0,,  nitrogen  di-oxide,  or  bin-oxide 

of  nitrogen :  CSj,  bi-sulphide  or  di-sulphide  of  carbon. 

Tri  or  ter    .  means  8  atoms,  as  NjOg,  nitrogen  tri-oxide ;  Sbg  83,  ter- 

snlphide  of  antimony. 
Tetr  .     .     .   means  4  atoms,  as  N^  O4,  nitrogen  tetr-oxide. 
Pent  or  pen  ta  means  5  atoms,   as  N^  O5,  nitrogen  pent-oxide;  PCI^, 

penta-chloride  of  phosphorus. 
Sesqtii    .    .  means  1^  atoms  (= 2  to  8),  as  FegOa,  sesqui-oxide  of  iron. 
Proto  or  prot  means  first,  as  Fe  0,  prot-oxide  of  iron. 
Snb  .     .     .     means  under,  as  Gu,  0,  sub-oxide  of  copper* 
Per  .     .     .    means  the  highest,  as  H  Gl  O4,  per-chloric  acid. 

The  terminations  "  ic  "  and  ''  ous  "  are  used  for  acids  ;  the  former 
representing  a  higher  state  of  oxidation  than  the  latter. 

When  a  substance  forms  more  than  two  acid  compounds,  the  pre- 
fixes **  hypo,**  under f  and  **  hyper*'  above,  are  used. 

The  smaller  number,  as  H^,  placed  to  the  right  of,  and  slightly 
below  a  symbol  is  called  the  exponent,  and  indicates  the  number  of 
times  that  the  combining  weight  of  the  substance  has  to  be  taken. 
When  the  symbol  is  without  a  number — thus,  H — the  number  one  is 
understood.  The  small  numbers  modify  only  the  symbol  immediately 
preceding,  but  larger  numbers  prefixed  to  the  symbol  modify  all  that 
follow  as  fax  as  the  next  comma  or  +  sign  :  thus  2Ha  SO4  signifies 
that  four  of  hydrogen,  two  of  sulphur,  and  eight  of  oxygen,  or,  more 
correctly,  that  two  of  sulphuric  acid  (II,  SO4  being  the  formula  for 
sulphuric  acid)  are  to  be  taken. 

A  base  is  a  compound  which  will  chemically  combine  with  an  acid. 

A  salt  is  a  compound  of  an  acid  and  a  base. 

When  water  is  in  combination  with  acids  or  bases,  they  are  said 
to  be  hydrated. 

Alkalies  neutralize  acids,  forming  salts. 

Alkalies  turn  vegetable  reds  to  blue,  and  yellows  to  brown. 

Acids  turn  vegetable  blues  to  red,  and  browns  to  yellow. 

A  simple  or  elementary  substance  is  a  body  that  cannot  be  resolved 
or  separated  into  any  simpler  substances — as  oxygen,  carbon,  iron. 

A  compound  substance  is  one  consisting  of  two  or  more  constituents 
— as  water,  carbonic  acid  gas,  olefiant  gas. 

The  equivalent  number  or  atomic  or  combining  weight  expresses  the 
relation  that  subsists  between  the  different  proportions  by  weight  in 
which  substances  unite  chemically  with  each  other. 
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The  equivalent  or  combining  weight  of  a  compound  is  the  sum  of 
the  combining  weight  of  its  constituents. 

Specific  gravity  expresses  the  difference  that  subsists  between  the 
weights  of  equal  volumes  of  bodies.  Oases  are  usually  compared  with 
air  as  1*000,  liquids  and  solids  with  water  as  1*000. 

So  &r  as  chemists  have  been  able  to  discover,  there  are  about  70 
elementary  or  simple  substances. 

No  compound  body  contains  all  the  elementary  substances.  Most 
compounds  are  composed  of  two,  three,  or  four  elements. 


LIST    OF    SUBSTANCES 

Simple  and  Compound,  frequently  mentioned  in  connection  with  the 
Manufacture  and  Furifi^cation  of  Coal  Gas  and  the  Besidual 
Products  resulting  thnefrom. 

Name  of  Substance.  Symbol. 

Acetylene CaHg 

Ammonia NH3 

Aniline CeH^N 

Aqueous  vapour H^O 

Benzole CeHg 

Bisulphide  of  carbon     .      .     .  CIS2 

Bisulphide  of  iron  .     .      .     .  Fe  Sg 

Butylene C^  H^ 

Carbon C 

Carbolic  acid CcHgO 

Carbonate  of  ammonia.     .     .  (NH4)2  CO3 

Carbonate  of  lime   .     .     .     .  Ca  CO3 

Carbonic  acid    .     .     .      .     .  COg 

Carbonic  oxide CO 

Cyanogen Ca  N^ 

Hydrogen H 

Hydrochloric  or  muriatic  acid  HCl 

Light  carburetted  hydrogen    .  CH^ 

Muriate  of  ammonia     .     .     .  NHgHCl,  or  NH^Cl 

Naphthalene C^o  Hg 

Nitrogen N 

Nitric  acid HNO„ 


'3 
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piefiant  gas GgH^ 

Oxygen 0 

Oxide  of  calcium  (caustic  lime)  Ga  0 

Oxide  of  potassium  (caustic  [  i^-    ^ 

potash) )  ^2  ^ 

Oxide  of  sodium  (caustic  soda)  Na^  0 

Peroxide  of  iron    .     .     .     .  Fcg  Og 

Protoxide  of  iron  .     .     .      .  Fe  0 

Protosulphide  of  iron  .     .     .  Fe  8 

Protocbloride  of  manganese  .  Mn  Cljj 

Propylene Cg  Hg 

Sesquisulphide  of  iron      .      .  Fe^  83 

Sulphur S 

Sulphate  of  ammonia .     .      .  (NH^)^  SO^ 

Sulphide  of  calcium    .     .      .  Ga  S 

Sulphuretted  hydrogen     .      .  H^  8 

Sulphuric  acid H^SO^ 

Sulphur  dioxide    ....  SO  ^ 

Water H^O 

WeldonMud GaO,,  MNOg 

To  ascertain  the  proportion,  by  weight,  of  the  different  substances 
in  a  compound,  multiply  the  atomic  weight  of  each  substance  by  the 
exponent. 

For  example :  Take  olefiant  gas,  G,  H4,  which,  as  its  formula  in- 
dicates, consists,  by  weight,  of  two  atoms  of  carbon  combined  with 
four  atoms  of  hydrogen — 

Atomic  Weight      ExponeDt.  l^^^H 

G        12         X         2        =         24        or  86 '716  percent. 

H  1         X         4         =  4        or  14-286       „ 

So  that  24  grains,  or  24  ounces,  or  24  pounds  of  carbon,  combine  with 
4  grains,  or  4  ounces,  or  4  pounds  of  hydrogen  to  form  28  grains,  or 
28  ounces,  or  28  pounds,  and  so  on,  of  defiant  gas. 
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COMMON     NAMES  OF    CERTAIN    CHEMICAL 
SUBSTANCES. 

Aqua  fortis Nitric  acid. 

Aqua  regia A  mixture  or  nitric  and  hydrochloric 

acids,  so  called  from  its  property  of 

dissolving  gold. 

Bluestone,  or  blue  vitriol    .  Sulphate  of  copper. 

Bog  ore Oxide  of  iron. 

Calomel Chloride  of  mercury! 

Chloroform Chloride  of  formyle. 

Choke-damp .....  Carbon  dioxide. 

Common  salt     ....  Chloride  of  sodium. 

Copperas,  or  green  vitriol  .  Sulphate  of  iron. 

Corrosive  sublimate.     .     .  Bichloride  of  mercury. 

Dry  alum Sulphate  of  alumina  and  potash. 

Epsom  salts Sulphate  of  magnesia. 

Ethiops  mineral      .     .      .  Black  sulphate  of  mercury. 

Fire-damp Light  carburetted  hydrogen. 

Galena Sulphide  of  lead. 

Glauber's  salts   ....  Sulphate  of  soda. 

Goulard  water    ....  Basic  acetate  of  lead. 

Iron  pyrites Bisulphide  of  iron. 

Jeweller's  putty.     .  .  Oxide  of  tin. 

King's  yellow     ....  Sulphide  of  arsenic. 

Laughing  gas     ....  Protoxite  of  nitrogen. 

Lime Oxide  of  calcium. 

Lunar  caustic     ....  Nitrate  of  silver. 

Mosaic  gold Bisulphide  of  tin. 

Muriate  of  lime  .     .     .     .  Chloride  of  calcium. 

Nitre,  or  saltpetre    .     .      .  Nitrate  of  potash. 

Oil  of  vitriol Sulphuric  acid. 

Potash Oxide  of  potassium. 

Realgar Sulphide  of  arsenic. 

Bed  lead Oxide  of  lead. 

Rust  of  iron Oxide  of  iron. 

Sal  ammoniac     ....  Muriate  of  ammonia. 

Soda Oxide  of  sodium. 

Spirits  of  hartshorn  .     .     .  Ammonia. 
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CHEMICAL    SUBSTANCES— Conemec^rf. 

Spirit  of  salt Hydrochloric  or  muriatic  acid. 

Stucco,  or  plaster  of  Paris   .  Sulphate  of  lime. 

Sugar  of  lead Acetate  of  lead. 

Tincal Crude  borax. 

Verdigris Basic  acetate  of  copper. 

Vermilion Sulphide  of  mercury. 

Volatile  alkali     ....  Ammonia. 

Wad Black  oxide  of  manganese. 

Water Oxide  of  hydrogen. 

White  vitriol Sulphate  of  zinc. 


TABLE    OF    VARIOUS    GASES. 

Their  Specific  Gravity^  Weiglit,  and  Solubility  in  Water. 
60°  Fahr.    80  in.  Barometer. 


N«me. 


Speoiflo 

Gravity. 

Air  eqiial 

1-000 


Weight  of  a 
Cubic  Foot  in 

PotindB 
Avoirdupois. 


Weight 

ofaCubio 

Foot  in 

Qrains. 


Nnmber 
of  Cnbio 
Ft.  equal 


n,  eqi 
to  111 


BolQbility. 

100  Vols,  of 

Water  absorb. 


Hydrogen 

Light  oarbnretted  hydrogen 

Ammonia 

Carbonic  oxide  .... 

defiant  gas 

Nitrogen 

Air 

Nitric  oxide 

Oxygen 

Stifphuretted  hydrogen  . 
Nitrous  oxide  .... 
Carbonic  acid  .... 
Salpharons  acid  .  .  . 
Chlorine 

Bisulphide  of  carbon  .     . 


0691 
•669 
•590 
•967 
•968 
•9718 
1-000 


1^1056 

1-1747 

1-627 

1629 

2-247 

2-470 

2-640 


•00529997 

•0428763 

-046268 

•0741689 

•0742466 

•07449871 

•0767 

•0796918 

•08479962 

•09009949 

•1171209 

•1172748 

•1723449 

-189449 


3709 
300-12 
316-77 
61918 
619-71 
621-49 
536-90 

667-83 

693-69 
630-69 
819-84 
820*92 
1206-41 
1326-14 


188-68 
2332 
2209 
13-48 
13-46 
13-42 
13-03 

12-64 

11-79 
11^09 
8'63 
8*62 
6^80 
6-27 


-202488       1417-41 


l-93Vol«. 
391    „ 
72,720-    „ 
2-43    „ 
16-16    „ 
X-48    .. 
1-70    „ 
(Notsoloble 
t  in  water. 
2-99Vol8. 
323-26    „ 
77-78    „ 
100-20    „ 
4276-60    „ 
236-80    „ 
j  Notsolnble 
i   in  water. 


To  reduce  a  volume  of  gas  of  any  specific  gravity  to  pounds  avoir- 
dupois, multiply  the  volume  by  the  sp.  gr.  and  by  '0767. 
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Example. — Required  the  weight  of  1500  cubic  feet  of  gas  whose 
specific  gravity  is  •620. 

1600  X   -520  X   -07^7  =  69-826  lbs. 

To  find  the  weight  in  pounds  avoirdupois  of  a  cubic  foot  of  air  at 
different  temperatures,  and  under  different  pressures. 

^__  1-8268   X   B 
469  +  T 

Example. — Required  the  weight  of  a  cubic  foot  of  air,  the  barometer 
beuag  at  29-6  inches,  and  the  temperature  84°  Fahr. 

1-8258   X   29-5 


469  +  84 


=  •0721b. 


Luting  for  Experiments  in  Cltemistry. — For  temporarily  securing  the 
jomts  of  chemical  vessels,  glass  stoppers,  &c.,  use  equal  parts  by 
weight  of  linseed  meal  and  whiting  made  into  a  stiff  paste  with  water. 
The  two  substances  should  be  well  triturated  in  a  mortar,  and  the 
water  added  till  of  the  proper  consistency. 

Pieces  of  vulcanized  india-rubber  tubing  are  very  suitable  for  join- 
ing the  ends  of  glass  and  earthenware  tubes.  The  india-rubber  is 
slipped  over  the  ends,  and  secured  with  pack-thread. 

India-rubber  capsules  for  bottle  necks,  having  a  hole  through  them 
for  the  insertion  of  glass  tubes  are  handier,  and  more  likely  to  be  gas- 
tight,  than  the  ordinary  corks. 


AVERAGE    COMPOSITION    OF  LONDON    GAS 
BY    VOLUME. 

{Dr.  Ijetheby,  1866.) 

CoostitaentB.  Common  Om.  C«nnel  Oas. 

Per  Cent.  Per  Cent. 

Hvdrogen 46*0 27-7 

Light  carburetted  hydrogen    .     ...     39 '5 60-0 

defiant  gas 3-8 13*0 

Carbonic  oxide 7*5 6*8 

Carbonic  acid 0*7 0*1 

Aqneoue  vapour 2*0 2*0 

Nitrogen 0*6 0*4 

100*0  100*0 
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{Professor  Vivian  B.  Lewes,  1894.) 

.,  South 
Constitaents. 


GtsUght  and 
Ooke 


Hydrogen      .     .     . 
Unsatnrated  hydrooarbons 
Saturated  hydrooarbons   . 
Carbon  monoxide    .     .     . 
Carbon  dioxide  .... 

Nitrogen 

Oxygen 


Company. 
Percent 
68-38 
8-58 


7-05 
0-61 
2-60 
0-21 

100-00 


Metropolitan 
Company. 
Per  Cent. 
52-22     . 
8-47     . 
84-76     . 
4-28     . 
0-60    . 
4-28    . 
0-49     . 


100-00 


Commercial 
Company. 
Per  Cent. 
62-96 
8-24 
84-20 
4-75 
0-76 
4-10 
0-00 


100-00 


TABLE. 

Testa  made  by  Professor  Vivian  B.  Lewes,  showing  the  quantity  of 
light  obtained  per  cubic  foot  of  16-candle  gas  consumed,  proving  the 
advantage  of  the  regenerative  and  incandescent  lights,  and  the  loss 
which  attends  the  use  of  ordinary  burners. 

Bamer.  Candle  Units. 

Begenerative  and  Incandescent 7  to  10*00 

Standard  Argand 8*20 

2-90 
2-44 
216 
1-87 
1-74 
1-68 
1-22 
0-85 
0-69 


Ordinary  Argand 

Flat  Flame  No.  7 

Do. 

No.  6 

Do. 

No.  6 

Do. 

No.  4 

Do. 

No.  8 

Do. 

No.  2 

Do. 

No.  1 

Do. 

No.O 

TABLE, 

Indicating  the  Comparative  SdLvhrity  of  the  Several  lUuminatinrf 

Materials. 

The  flame  of  coal  gas,  and  the  flames  of  several  combustible  bodies 

that  gave  an  amount  of  light  equal  to  it,  were  burned  separately  in 

given  quantities  of  atmospheric  air,  and  the  times  were  noted  at  which 

the  flames  were  extinguished  by  the  contamination  of  the  air.    The 

following  were  the  results  : — 

Colza  oil was  extingoished  in  71  minntes 

OUveoil M  ..         72       „ 

Bnssian  tallow „  n         76        „ 

Sperm  oil „  ,,         76 

Stearic  acid ^' 

Wax  candles 

Spermaceti  candles 

Coal  gas 

Cannel  Gas  (28  candles).     .     .     . 

From  which  it  appears  that  the  atmosphere  of  a  confined  room  lighted 


77 

79 

88 

98 

II                    11 

162 
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by  cannel  gas  will  support  life  twice  as  long  as  the  atmosphere  of  the 
«ame  room  lighted  equally  by  tallow  candles. 


TABLE. 
RELATIVE  VALUES  OF  ILLUMINATING  AGENTS 

In  respect  of  their  Heating  and  Vitiating  Effects  on  the  Atmosphere^  wlien 
Burning  so  as  to  give  the  Light  of  12  Standard  Sperm  Candles, 
{Dr.  T^theby.) 


Cannel  gas 
Common  gas 
Sperm  oil 
Benzole    . 
ParaiBn    . 
Camphene 
Sperm  oandles 
wax  candles . 
Stearic  oandles 
Tallow  oandles 


Ponnds  of 

Water  Heated 

1°  Pahr. 

.     1960     . 

.     2786     . 


8619 
8251 
8617 
8881 
8747 
6064 


Oxygen 
Consamed 
(Cabfo  Feet). 

.     8-80  . 

.     5-46  . 

.     4-75  . 

.     4-46  . 

.     6-81  . 

.     6-66  . 

.     7-67  . 

.     8-41  . 

.     8-82  . 

.  12-06  . 


Carbonic 
Acid  Produced 
(Cable  Feet). 

.     2-01  . 

.     8-21  . 

.     3-88  . 

.     8-64  . 

.     4-60  . 

.     4-77  . 

.     6-27  . 

.     6-90  . 

.     6-25  . 

.     8-78  . 


Air 

Vitiated 

(Oabic  Feet). 

50-2 

80-2 

88-8 

88*6 
112-6 
119-2 
181-7 
149-5 
166-2 
218-8 


TABLE. 

Calorific  Power  of  Various  Photogenic  Compounds.     {F.  J.  Evans,) 


Name  of  Gas,  ftc. 


Cabio  Feet 

to 
One  Pound. 


Hydrogen 180-0 


NewcaiBtle  ooal  gas,  i 
Cannel  gas,  sp.  at.  *C 
Oil  gas,  sp.  gr.  '825 


.  gr.  -410 


82-4 
26-5 
16-69 


Sperm  oandles,  6  to  the  lb. 
Sperm  oil,  burnt  in  a  lamp 


Poonds  of  Water 

raised  P 

by  the 

Consomption  of 

1  Foot  of  QfM, 

.     .     800     .     . 

.     .     650     .     . 

.     .     760    .     . 

.     .  1200    .     . 


Pounds  of  Water 
raised  P 
by  the 
Consumption  of 
1  lb.  of  Gas. 
.     .     54.000 
.     .     21,060 
.     .     20,140 
.     .     20,028 

1  lb.  of  oandles. 
17,567 

1  lb.  of  oil. 
16,490 
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TABLE. 

Heats  of  Combustion  with  Oxy(jen. 


Substance. 


Hydrogen 

Aloohol 

Benzene    

Carbon  bisulphide 

Carbon  burning  to  oarbonio  acid  .  .  . 
Carbon  bnming  to  oarbonio  oxide  .  .  . 
Carbonio  oxide  burning  to  oarbonio  aoid    . 

CharcoiU,  wood 

Coal,  anthracite 

Ooal,  best  bituminoos 

Coke,  produced  from  ditto 

Coal,  average  quality 

Coke,  produoed  from  ditto 

Ethylene 

Graphite 

Light  oarbnretted  hydrogen,  or  marsh  gas 

Lignite 

defiant  gas 

Olive  oil 

Peat,  dry 

Petroleum 

Propylene 

Sulphur 

Sulphuric  ether 

Turpentine 

Wood,  dry 


British  Ttaennal 
Units  of  Heat. 


Pounds  of  Water 

at  ai2o  Fabr. 

Bvaporated  per 

Pound  of  Substance. 


01,500 
12,968 
18,600 

6,162 
12,906 

2,495 

4,478 
12,455 
15,600 
15,504 
14,375 
13,600 
12,800 
21,500 
1^,067 
24.020 
11,710 
21,375 
17,784 

9,983 
20,272 
21,200 

4,082 
16,282 
19,666 

7,824 


Coal  gas,  17  candles. 
Water  gas  .  .  . 
Producer  gas .  .  . 
Producer  water  gas . 


63-66 
13-42 
19-25 

6-37 
13-36 

2-58 

4-63 
1290 
16-14 
1605 
14-88 
14-06 
13-25 
22-25 
14-66 
24-86 
1212 
22-12 
18-41 
10-88 
20-98 
21-94 

4-17 
16-86 
20-25 

810 

22-46 
6-88 
1-96 
1-02 


The  British  standard  unit  of  heat  (thermal  unit)  is  the  amount 
of  heat  required  to  raise  the  temperature  of  1  lb.  avoirdupois  of  water 
1°  Fahrenheit- 

The  French  standard  unit  of  heat  (^calorie)  is  the  amount  of  heat 
required  to  raise  the  temperature  of  1  kilogramme  of  water  1^ 
Centigrade. 

The  number  of  British  units  of  heat  required  to  evaporate  1  lb.  of 
water  at  boiling  point,  212°  Fahr.,  is  966 ;  and  at  62°  Fahr.,  1116. 

The  number  of  French  units  of  heat  required  to  evaporate  1  kilo,  of 
water  at  boiling  point,  100°  Cent.,  is  686-7 ;  and  at  16-6°  Cent.,  6201. 

One  British  unit  of  heat  =     -0261996  French  units. 
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One  French  unit  of  beat  =  d*968d2  British  units. 

The  total  heating  power  of  any  fael,  expressed  in  British  units, 
-^  966  =  lbs.  of  water  at  212^  Fahr.  evaporated  per  lb.  of  fuel. 

Example: — 1  lb.  of  hydrogen  yields  in  combustion  61,500  units  of 
heat. 

Then :—    ^^^     =   68'66  lbs.  of  water  at  212°  Fahr.  evaporated 
per  lb.  of  hydrogen. 

DISTILLED    WATER. 

^At  62°  Fahr.) 
1  pint  =  84*65  cubic  inches,  or  1*25  lbs. 
1  gal.    -  277*274  cubic  inches,  or  10  lbs. 
11-2  gals.,  or  1-792  c.  feet  =  1  cwt. 
224  gals.,  or  85*84  c.  feet  =  1  ton. 

1  cubic  inch      =  252*45  grs.  or  -086075  lb. 
12      „    inches  =  *484  lb. 

1      „     foot       =  6*25  gals.,  or  1000  ozs.,  or  62*5  lbs. 
1*8  „      „         =1  cwt. 
85*84  cubic  feet  =  1  ton. 
1  cylindrical  inch      =  *02842  lb. 
12  „         inches  =  -841  lb. 

1  „         foot      =  5  gals.,  or  49*1  lbs. 

2*282  „         feet      =  1  cwt. 
45*64     „  „        =  1  ton. 

Centre  of  pressure  f  depth  from  surface. 

Water  is  at  Hs  maximum  density  at  89-2°  Fahr.  (4°  C),  and  expands 
1-lOth  part  of  its  bulk  on  freezing. 

SPECIFIC     HEAT    OF     SUBSTANCES. 

The  meaning  implied  in  the  term  *<  specific  heat,"  or  more  correctly 
«<  calorific  capacity,*'  is  the  quantity  of  heat  required  to  raise  the  tem- 
perature of  a  substance  1°  (independently  of  the  unit  of  mass  and  scale 
of  temperature) ;  water  being  taken  as  the  stcmdard  of  comparison. 

For  example :  the  specific  heat  of  mercury  is  *08882,  by  which  is 
to  be  understood  that  thirty  times  as  much  heat  is  required  to  raise 
water  to  a  given  temperature  as  an  equal  weight  of  mercury.  In  other 
words,  the  quantity  of  heat  which  would  raise  the  temperature  of  any 
given  weight  of  mercury  through  1^,  would  only  raise  the  temperature 
of  a  like  weight  of  water  through  •08882°. 
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SPECIFIC    HEAT    OF    SOLIDS    AND     I^IQUIDS. 


Aoetioaoid 

Alcohol  (8p.  gr.  *79d)  .     . 

Alaminium 

Antimony,  oast 

Arsenic 

Bees-wax 

Benzine 

Birch 

Bismuth 

Brass 

Brick,  common 

Brick,  fire 

Cadmium 

Chalk,  white     .... 
Charcoal,  animal,  calcined 
Charcoal,  wood.     . 
Clay,  white,  horned    . 

Coal 

Cohalt 

Copper  .  .  ^  . 

Diamond 

Ether 

Glass 

Gold 

Graphite 

Ice 

Iodine 

Iron,  cast 

Iron,  wrought  .... 


(Water 

•6589 

•622 

•2143 

•05077 

•0614 

•45 

•3952 

•48 

•08084 

•09391 

•2 

•22 


•21485 

•26085 

•24111 

•185 

•2777 

•10696 

•09215 

•14687 

•5207 

•19768 

•03244 

•20187 

•504 

•05412 

•12983 

•11879 


as  1.) 

Lead   ........       -0314 

Lime,  horned '217 


Lithium 
Magnesium  .  .  . 
Manganese  .  .  . 
Marhle,  white  .  . 
Mercury  .... 
Nickel  .... 
Oil,  olive  .... 
Oil,  sweet  .  .  . 
Oil  of  turpentine  . 
Palladium  .  .  . 
Phosphorus  .     .     . 

Pine 

Platinum  .  .  . 
Potassium  .  .  . 
Selenium  .... 
Silicon,  crystallized 
Silicon,  fused     .     . 

Silver 

Sodium  .... 
Spermaceti   .     .     . 

Steel 

Sulphur   .... 
Sulphuric  acid  . 
Tellurium     .     .     . 
Thallium.     .     .     . 

Tin 

Zinc 


•9408 
•2499 
•1217 
•21685 


•10863 

•3096 

•31 

■472 

•06928 

•18949 

•65 

•03243 

•1696 

•07616 

•1774 

•175 

•06701 

•2934 

•32 

•1176 

•20259 

•333 

•04737 

•0386 

•05695 

•09556 


SPECIFIC     HEAT    OF    GASES    AND     VAPOURS. 


Simple 
gases. 

Vapour. 


Compound ; 
gases. 


Vapours. 


Specific  Heat  of 
Equal  Weights. 

Air 0^2374  . 

Oxygen 0'2175  . 

Nitrogen 0^2488  . 

Hydrogen 3*4090  . 

Chlorine 0-1210  . 

Bromine 0-0556  . 

Binoxide  of  nitrogen   .    .  0*2315  . 

Carbonic  oxide    ....  0-2450  . 

Carbonic  acid      ....  0-2163  . 

Sulphuretted  hvdro^en    .  0  2432  . 

Sulphurous  anhydride    .  0*1563  . 

Hydrochloric  acid   .    .    .0*1845  . 

Nitrous  oxide 0*2262  . 

Nitric  oxide 0^2317  . 

Ammonia 0*5083  . 

Marsh  gas 0*5929  . 

Olefiant  gas  (ethylene)    .  0*4040  . 

Water  (steam)     ....  0^4806  . 

Ether 0^4810  . 

Chloroform 0^1667  . 

Alcohol 0-4534  . 

Turpentine 0^5061  . 

Bisulphide  of  carbon  .    .0*1570  . 

Benzole 0*3764  . 

Acetone 0-4126  . 


Specific  Heat  of    Spedfio  Heat  of 
iSqual  Volumes.  Constant  Volumes. 


0-2874 
0-2405 
0-2370 
0-2359 
0-2962 
0^3040 
0^2406 
0^2870 
03307 
0-2857 
0^3414 
0^2338 
0^3447 
0^2406 
0-2966 
0^3277 
0-4106 
0^2984 
1-2296 
0^6461 
0-7171 
2-3776 
0-4140 
1-0114 
0-8244 


01687 
0-1569 
01740 
2-4096 


1768 
1714 


01246 


0-4683 

0-3837 
0-8411 

0-31W0 
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TABLE, 

Showing  the  Expansion  of  Liquids  in  Volume  from  82°  to  212°  Fahr, 

1000  parts  of  water become  1046 

„         oil ,  1080 

„  mercury „  1018 

„         spirits  of  wine „  1110 

„         air „  1878  to  1875 

TABLE, 

Showing  the  Lineal  Expansion  of  Metals  produced  by  Raising  their 
Temperature  from  82°  to  212°  Fahr 

Zino 1  part  in  822  Gold  .....      1  part  in  i 

Lead     , 
Tin  (pore) 


Tin  (impnre) 
Silver   .      . 
Oopper . 
Brass    .     . 


822 

Gold  .      . 

351 

Bismnth  . 

408 

Iron    . 

500 

Antimony 

524 

Palladiam 

581 

Platinum 

584 

Flint  glass 

TABLE, 

Showing  the  Relative  Power  of  Metals  for  Conducting  Heat. 


Gold 1000 

Silver 973 

Oopper  .      .     ' 898-2 

Platinnm 881 


Iron 
Zinc 
Tin. 
Lead 


TABLE, 

Showinrf  tJie  Relative  Power  of  Metals  for  Reflecting  Heat. 
Intensity  of  Direct  Radiation,  100. 


Silver  plate '97 

Gold -96 

Brass -98 

Specnlom  metal '86 

Tm     . -86 


Polished  platinnm 
Steel  .... 
Zinc  .... 
Lron    .... 


719 
812 
923 
1000 
1100 
1248 


874-3 
863 
803-9 
179-6 


•80 
•88 
■81 
•77 


Almniniam 
Antimony  . 
Bismnth 
Bronze. 
Bntter. 


Oopper 2102 

Gold 2192 

Ditto,  coined   ....      2156 

Ice 82 

Iodine 287*5 

Iron,  oast  .  .  .  1922  to  2882 
Ditto,  wrought  2782  to  2912 
Lead 617 


TABLE. 

Melting  Points. 

Degrees  Fahr. 

1247 

797 

504-94 

.      1652 

91 


Degrees  Fahr 

Phosphorus 

.      .        Ill 

Platinum  .      .      . 

.      .      8227 

Potassium . 

.      .        136-4 

Silver  .      .      .      . 

.      .      1882 

Sodium 

.  203  to  20408 

Spermaceti 

.       .        120 

Stearine     .      . 

.      .        181 

Steel     .      .      . 

2372  to  2552 

Sulphur     .      . 

.      .        280 

Tin      .      .      . 

.      .        549 

Wax,  white 

.      .        154 

Ditto,  yeUow    . 

.      .        144 

Zino     .      .      . 

.      .        786-2 

2    E 
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THE   GAS   INDUSTRY. 

initiation,  Deveiopment  and  Progress. — The  manufacture  and 
distribution  of  coal  gas  may  be  justly  described  as  one  of  the  important 
industries  of  the  world.  Like  railways  and  the  electric  telegraph,  it  is 
a  product  of  the  19th  century ;  for,  l^ough  coal  gas  was  actually  used 
for  illuminating  purposes  by  William  Murdoch,  the  inventor  of  gas 
lighting,  as  early  as  1792,  at  Bedruth,  in  Cornwall,  and  in  1797 
at  his  house  at  Old  Cumnock,  Ayrshire,  it  was  not  until  well  into  the 
first  decade  of  the  present  century  that  gas  began  to  be  generally 
applied  in  the  lighting  of  streets,  fiekctories,  and  dwelling-houses. 

The  illumination  of  the  Soho  Works,  Birmingham,  to  celebrate  the 
Peace  of  Amiens,  took  place  in  1802.  These  works  belonged  to 
Boulton  and  Watt,  and  Murdoch  was  employed  as  manager  to  the 
Firm.  The  first  application  of  gas  to  the  interior  lighting  of  large 
premises  was  made  by  Murdoch  in  Salford,  in  1805,  at  the  cotton 
manufactory  of  Phillips  and  Lee ;  and  the  first  street  lighted  with  gas 
was  Pall  Mall,  London,  in  1807.  The  first  gas  Company  incorporated 
by  Act  of  Parliament  was  the  <*  Chartered'*  (now  the  Gaslight  and 
Coke),  London,  in  1812. 

Although  in  its  earliest  use  coal  gas  was  restricted  to  the  purpose 
of  afibrding  artificial  light,  no  long  time  elapsed  before  its  value  as  a 
heating  medium  began  to  be  realized.  Winsor,  one  of  the  pioneers  of 
gas  lighting,  claimed  as  an  important  advantage  of  the  new  invention 
or  discovery  that  gas,  besides  its  light-giving  qualities,  could  be  used 
both  for  cooking  food  and  warming  dwellings,  and  as  early  as  1825 
attempts  were  made  to  apply  it  for  these  purposes.  It  was  not,  bow- 
ever,  till  later  on  in  the  century  that  anything  like  a  practical  appli- 
cation of  gas  was  made  to  the  cooking  of  food.  Mr.  J.  Sharp,  of 
Southampton,  about  the  year  1840,  began  to  construct  ovens  heated 
by  gas  for  cooking  and  baking,  and  these  he  used  for  many  years, 
giving  public  lectures,  in  the  course  of  which  he  practically  demon- 
strated their  usefulness  and  value. 

Qas,  however,  in  those  days  was  higher  in  price  than  now ;  and, 
although  it  was  evident  that  it  served  most  efficiently  for  culinary 
operations,  its  cost  militated  against  its  extensive  adoption  in  this 
direction.  The  prejudice  against  it  was  strong,  also,  on  account  of  the 
supposed  liability  of  any  food  cooked  by  its  means  to  be  tainted  with 
the  flavour  of  the  gas  itself.  This  operated  against  its  use ;  and  though 
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the  prejadioe  was  founded  on  ignorance  of  the  fEM^ts,  it  is  not  a  matter 
of  wonder  that  suoh  an  idea  was  entertained,  seeing  that,  even  at  the 
present  day,  in  spite  of  the  strongest  evidence  to  the  contrary,  the 
same  belief  is  still  widely  accepted,  and  still  operates  with  many  as  a 
bar  to  its  adoption. 

Chks  has  won  for  itself  an  important  place  as  an  agent  for  obtaining 
motive  power.  It  was  from  the  very  first  a  matter  of  observation, 
and  not  unfireqaently  of  dire  and  unsought  experience,  that  when  gas 
and  atmospheric  air  were  mixed  in  certain  proportions,  and  the  mix* 
ture  fired,  an  explosion  was  the  result.  Attempts  were  soon  made  to 
utilize  the  force  thus  exerted  by  confining  the  explosive  compound  in 
a  suitable  cylinder,  and  exploding  it  to  obtain  prime  movement  as  in 
the  steam  engine.  After  many  more  or  less  successful  attempts  by 
different  inventors,  and  the  expenditure  of  much  ingenuity,  the 
<  Lenoir  **  gas-engine,  so  named  after  its  inventor,  was  produced 
(1860),  and  thus  was  solved  the  problem  of  how  to  utilize  an  explo- 
sive mixture  of  gas  and  air  as  a  prime  motor.  From  that  time  down 
to  the  present  the  patent  records  contain  the  description  of  many 
inventions  of  this  character,  and  gas-engines  of  great  power  and 
efficiency  are  now  produced. 

It  is  occasionally  a  subject  of  remark  by  uninformed  or  hostile 
critics,  that  no  important  improvements  have  been  effected  in  gas 
manufacture  since  the  earlier  days  of  its  introduction.  If  this  were 
so,  it  would  either  speak  well  for  the  inventors  of  this  art,  or  badly 
for  their  successors  in  the  industry.  The  statement,  however,  is 
altogether  Wide  of  the  truth.  True,  tixe  method  of  producing  the  gas, 
as  in  the  earlier  days,  is  by  distillation  of  the  coal  in  closed  retorts, 
and  the  purification,  storage,  and  distribution  of  gas  are  effected  in 
apparatus  and  plant  which,  in  their  main  features,  do  not  greatly 
differ  from  the  earlier  forms.  But  it  is  obvious  that  a  similar  invi- 
dious comparison  might  be  made  in  regard  to  all  the  most  notable 
inyentions.  The  chief  characteristics  of  an  industry  are  retained, 
whilst  the  processes  undergo  improvement  and  modification.  As  a 
matter  of  feict,  great  improvements  have  been  effected  in  the  plant 
and  apparatus  for  the  manufEbCture  of  illuminating  gas,  whilst  the 
mechanical  and  chemical  principles  involved  in  its  production  and  use 
are  now  carefully  investigated  by  gas  enguieers,  and  are  yearly 
becoming  better  understood. 

Illuminating  Power.— In  England,  Wales,  and  Dreland  the  gas 
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actually  snpplied  to  consumers  varies  in  illuminating  power  from  14 
to  22  standard  cuidles,  according  to  the  quality  of  the  coal  used ;  the 
higher  figure  above  16  candles  being  obtained  by  an  admixture  of 
cannel,  or  shale,  with  the  ordinary  bituminous  coal,  or  the  use  of  oil 
as  an  enricher.  In  Scotland  the  range  of  illuminating  value  is  firom 
22  to  80  candles. 

Cost  Price. — The  average  cost  of  producing  and  distributing 
iUuminating  gas  in  England  is  about  two-thirds  of  the  selling  price. 
Taking  a  selling  price  of,  say,  2s.  6d.  per  1000  cubic  feet,  the  cost 
of  producing  and  distributing  the  gas,  including  the  net  expenditure 
on  coal  (after  deducting  the  income  firom  residuals)  and  working 
expenses,  will  be  Is.  8d.  per  1000  cubic  feet.  Analyzing  this  figure, 
the  expenditure  on  coal  will  be  Is.  8d.,  and  deducting  the  value  of 
the  residuals,  at  present  prices,  which  is  equal  to  7d.,  there  is  left  8d. 
as  the  net  cost  of  the  coal.  The  balance  of  Is.  Id.  is  made  up  by  the 
working  expenses,  which  include  wages,  salaries,  purifying  materials, 
repairs  and  renewals,  rates  and  taxes,  printing  and  stationery,  and 
incidental  expenses.  The  difference  of  lOd.  between  the  prime  cost 
of  the  gas.  Is.  8d.,  and  its  selling  price  of  2s.  6d.  is  absorbed  in  the 
payment  of  the  interest  and  dividend  on  the  invested  capital  in  the 
case  of  a  Company,  and  in  the  instance  of  the  Undertaking  belonging 
to  a  Local  Authority,  in  the  discharge  of  the  interest  on  the  annuities 
and  borrowed  capital  (if  any),  and  the  provision  of  a  sinking  fund. 

Selling  Price. — The  seUing  price  of  gas  per  1000  cubic  feet  ranges 
throughout  England,  Wales,  and  Ireland  from  Is.  6d.  to  6s.,  and  in 
Scotland  from  8s.  to  8s.  4d.,  with  a  few  of  the  smallest  concerns 
charging  as  much  as  10s.  per  1000  cubic  feet.  Taking  into  considera- 
tion, however,  that  in  Scotland  gas  of  a  higher  illuminating  power  is 
supplied  than  in  the  other  portions  of  the  kingdom,  that  a  smaller 
consumption  per  consumer  is  the  consequence,  and  calculating  the  price 
at  per  theoretical  unit  of  light,  the  actual  difference  in  price  is  not 
so  great  as  appears  at  first  sight.  The  practical  advantages,  however, 
of  the  higher  illuminating  powers  may  be  questioned,  and  certainly 
they  are  not  proportionate  to  the  cost  of  producing  the  richer  gas. 

Capital  Employed.— The  Capital  of  a  Gas  Undertaking  represents 
or  includes  (1)  the  amount  of  money  that  has  been  expended  on 
obtaining  an  Act  of  Incorporation,  if  it  be  a  Statutory  Company; 
(2)  the  cost  of  the  land  for  the  site  of  the  works,  and  the  engineering 
expenses  incurred;    (8)  the    cost    of   the    general    manufiwjturing. 
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purifying  and  storing  plant;  and  (4)  the  cost  of  the  distributing 
pipes  and  accessories ;  with  (5)  an  added  sum  as  a  floating  or  working 
capital  to  meet  current  outlay  before  the  revenue  begins  to  accrue. 

The  amount  of  the  various  items  making  up  the  aggregate,  neces- 
sarily varies  under  different  conditions.  For  example,  take  the  first — 
the  money  expended  on  obtaining  an  Act  of  Incorporation.  When  a 
Ckwipany  have  had  to  contend  with  and  overcome  persistent  and 
strong  opposition,  the  cost  of  their  Act  will  exceed  the  cost  of  one 
obtained  under  more  favourable  conditions,  to  the  extent  of  100,  200, 
or  even  800  per  cent.  Again,  the  cost  of  land  is  a  varying  factor, 
and  the  expense  of  the  erection  of  works  is  often  increased  by  the 
character  of  the  site  and  its  subsoil.  It  is  true  that  in  the  case  of  a 
large  Company,  these  several  items,  even  when  greatly  in  excess  of  a 
normal  amount,  do  not  increase  the  total  capital  outlay  by  any 
materiid  percentage ;  but  on  small  and  moderate-sized  undertakings 
they  are  often  peculiarly  burdensome. 

But  there  are  other  circumstances  more  distinctly  marked  than 
these,  which  contribute  to  the  variations  in  the  relative  amount  of 
capital  expended  by  different  Companies.  The  character  of  the  district 
of  supply  is  one  of  them.  The  district  of  some  Companies  is  thickly 
populated  with  a  high  class  of  consumers  throughout.  Others, 
again,  have  a  scanty  population,  and  of  a  poorer  class ;  and  although 
the  plant  and  mains  of  this  latter  may  be  less  extensive,  yet  the  pro- 
portion of  its  capital  to  the  production  and  rental  will  usually  be 
in  excess  of  the  other,  whilst  there  is  this  paradoxical  result  in  the 
instances  referred  to,  that  those  who  are  least  able  to  afford  it  have 
often  necessarily  to  pay  a  higher  price  for  the  gas. 

In  many  instances.  Companies  have  wide  expanses  of  country  to 
canalize  with  miles  of  mains,  on  some  of  which,  except  at  the  terminus, 
there  is  scarcely  a  consumer.  Again,  the  district  may  be  a  manufac- 
turing one,  with  mills  and  workshops  consuming  gas  only  during  four 
or  five  months  Ia  the  year.  The  proportion  of  capital  in  such  case 
has  frequently  to  be  large  to  provide  plant  to  meet  the  principal  gas 
demands  within  a  limited  period  of  time.  It  is  no  unusual  thing, 
under  such  circumstances,  to  find  that  during  nearly  one  half  of  the 
year,  seven-tenths  of  the  whole  plant  is  standing  unproductive. 

In  contrast  to  these,  there  are  towns  whose  gas  consumption  is 
comparatively  steady  all  the  year  round.  Take,  as  an  example,  the 
inland  watering-places  and  lashionable  sea-side  towns.     Into  these, 
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there  is  during  the  summer  and  autumn  seasons*  an  influx  of  visitors 
who  consume  a  large  quantity  of  gas.  Such  is  proved  by  the  fact 
that  the  heaviest  daily  make  in  these  places  is  generally  in  the  months 
of  August,  September,  or  October.  This  tends  to  equalize  the  consump- 
tion in  the  different  seasons,  because  the  resident  inhabitants  consume 
their  proportion  of  gas  during  the  winter  and  early  spring  months, 
when  the  visitors  are  absent.  It  is  fedr  to  conclude  that,  owing  to 
this  regular  and  steady  consumption,  the  plant  is  almost  continuously 
employed,  and  therefore  a  smaller  capital  in  proportion  to  the  yearly 
production  is  required  than  in  those  places  where  the  heavy  consump- 
tion is  spasmodic  and  brief. 

But  although  this  spasmodic  consumption  appears,  at  first  sight,  a 
serious  drawback,  in  practice  it  does  not  always  necessitate  a  higher 
price  for  the  gas,  and  a  much  larger  capital  outlay  than  is  required  by 
those  concerns  whose  consumption  or  sale  of  gas  is  steadier ;  for  in 
some  of  the  large  manufacturing  towns  the  mill  consumption  is  so 
enormous  that,  by  straining  the  plant  for  limited  periods,  the  dis- 
advantage is  counterbalanced. 

There  can  be  no  question  that  expensive  engineering  tends  to  an 
undue  inflation  of  the  capital  account.  A  want  of  engineering  skill 
in  the  construction  of  works  has  precisely  the  same  effect ;  for  here, 
as  in  other  matters,  extremes  meet. 

Considerable  thought  will  always  be  given  by  a  capable  and  con- 
scientious engineer  to  the  proper  arrangement  of  works.  He  will  so 
perfect  his  designs  that  the  works  shall  not  be  squandered  or  sprawl- 
ing over  the  site,  occupying  unnecessary  space,  but  compact  and 
harmonious,  so  that  the  different  processes  in  gas  making  may  be 
conveniently  carried  on,  and  economical  in  the  working. 

Whilst  it  is  not  necessary  or  desirable  that  the  buildings  of  a  gas-works 
should  be  as  strong  as  a  castle,  it  is  equally  objectionable  to  set  up 
unstable  and  flimsy  structures  that  entail  an  annual  heavy  expenditure 
for  repairs,  constituting  a  perpetual  tax,  enhancing  the  cost  of  working. 

Excessive  and  unnecessary  ornamentation  is  to  be  eschewed  in  all 
works  of  this  kind.  All  ornamentation,  however,  fs  not  useless. 
Blank  thick  walls,  for  example,  are  not  necessarily  stronger  than 
others  well  proportioned — ^thinner  and  lighter  in  parts,  but 
strengthened  by  suitable  projections  that  add  to  the  beauty  of  a 
building  by  breaking  the  dull  uniformity.  The  same  argument  holds 
good  as  respects  design  in  apparatus.    Taste  should  not  be  neg- 
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leeted ;  and  there  is  ample  scope  for  the  exercise  of  good  taste  in  most 
departments  of  a  gas-works. 

On  a  closer  examination  of  the  question,  it  will  be  apparent  that 
there  occur  times  in  the  history  of  most  gas  midertakings  when  the 
capital  expenditure  is  either  below  or  in  excess  of  the  average^  yiz.—- 
when  the  margin  of  its  producing,  storing,  and  distributing  resources 
is  closely  worked  up,  and  enlargement  is  required,  then  the  capital 
compared  with  the  production  is  low.  But  extensions  have  to  be 
carried  out.  These  must  necessarily  be  of  such  extent  as  to  provide  a 
margin  for  future  increased  consumption,  and,  being  larger  than  the 
immediate  requirements  of  the  district,  the  capital  is  swelled  out  of 
proportion.  This  is  especially  true  of  times  when  trade  is  brisk,  and 
labour  and  materials  are  dear.  Then  extensions  are  costly,  and, 
singular  to  say,  it  is  at  such  times  that  they  are  most  frequently  made. 
Under  such  circumstances,  imless  resort  can  be  had  to  a  reserre  fund 
to  maintain  the  dividends,  a  sacrifice  of  a  portion  of  the  statutory 
interest  has  to  be  submitted  to  or  the  price  of  the  gas  increased. 

But  this  condition  of  things  is  by  no  means  inevitable.  One  of 
the  ^evidences  of  good  administrative  skill  in  the  conduct  of  a  gas- 
works is  the  ensuring  that  extensions  are  carried  out  systematically 
and  with  foresight,  and  in  as  gradual  a  manner  as  may  be,  not  post- 
poning them  to  the  very  last  extremity ;  in  other  words,  starving  the 
concern — wearing  it  threadbare — which  is  the  worst  policy  possible 
for  the  undertaking  and  all  associated  with  it,  including  both  share- 
holders and  consumers. 

The  capital  of  gas-works  in  the  hands  of  Corporations  and  other 
Local  Authorities  is,  as  a  rule,  in  excess  of  that  of  Companies ;  but 
this  arises  from  causes  well  understood.  Many  towns'  Authorities 
have  within  comparatively  recent  years  become  possessed  of  gas- 
undertakings  by  purchase  from  the  Companies  who  previously  owned 
them ;  and,  as  in  most  cases  they  have  had  to  pay  the  full  market 
price  for  the  concern,  amounting  to  from  twenty  to  twenty-eight 
years'  purchase  of  the  annual  profits,  and  even  more  in  some  in- 
stances, the  result  is  that  the  capital  outlay  is  large — ^with  this 
compensatory  advantage,  however,  that  the  percentage  of  interest  to  be 
paid  on  such  capital  is  not  more,  but  usually  less,  than  that  paid  by 
the  Company  on  the  smaller  capital.  As  time  goes  on,  and  extensions 
of  the  Corporation  works  are  made,  these  are  carried  out  with  an 
expenditure,  though  not  necessarily  less  than  that  of  a  Company,  yet 
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bearing  a  lower  rate  of  interest,  and  consequently  pressing  less  heavily 
on  the  resources  of  the  undertaking. 

But  this  remark  needs  qualification.  In  the  ease  of  Local  Authori- 
ties becoming  possessed  of  such  works,  a  sinking  fund  has  to  be 
provided  out  of  the  profits  to  redeem  the  capital  within  a  given 
period.  Fifty  years  was  formerly  a  usual  term  to  allow ;  but  there  is 
a  tendency  (especially  on  the  part  of  the  Local  Government  Board),  to 
restrict  the  term  to  thirty  and  even  twenty  years.  The  result  is  that 
the  annual  charge  for  interest  and  sinking  fund  is  in  excess  of  the  rate 
at  which  a  Company  under  the  Auction  Glauses  can  raise  its  addi- 
tional capital.  True,  the  sinking  fund  eventually  wipes  out  the  capital 
liability,  and  the  present  generation  of  overburdened  consumers  have 
to  be  consoled  by  the  knowledge  that  posterity  will  reap  the  benefit  of 
their  self-sacrifice. 

The  immediate  effect  of  an  excessively  large  capital  outlay  by  a  Gas 
Company  is,  as  has  been  already  remarked,  either  a  sacrifice  by  the 
shareholders  of  a  proportion  of  the  statutory  dividends,  or  an  augmenta- 
tion in  the  selling  price  of  the  gas ;  and  not  unfrequently,  when  the 
capital  is  greatly  in  excess,  both  these  undesirable  results  are  ex- 
perienced. 

One  of  the  best,  perhaps  the  very  best  method  of  reducing  the  pro- 
portion which  capital  expenditure  bears  to  revenue,  is  to  cultivate  a 
day  consumption  of  gas,  by  affording  &cilities  for,  and  encouraging  in 
every  legitimate  way  the  use  of  gas  for  cooking,  heating,  and  motive 
power.  This  policy,  if  pursued  to  a  successful  issue,  is  virtually  to  re- 
duce the  percentage  of  capital  in  the  proportion  of  such  consumption, 
because  the  plant  is  brought  to  bear  in  earning  profit  during  the 
daylight  as  well  as  in  the  lighting  hours. 

It  is  unreasonable  to  expect  that  the  capital  of  Gas  Companies,  and 
the  selling  price  of  gas,  can  ever  be  uniform  throughout  the  country. 
It  would  be  just  as  reasonable  to  expect  that  the  general  rates  of 
different  districts  can  be  equalized.  All  the  causes  above  pointed  out, 
and  others  not  touched  upon,  militate  against  such  a  result. 

The  ^* Auction  Clauses.** — These  clauses,  which  are  now,  and 
for  many  years  past  have  been,  introduced  into  the  Bill  of  every  Gaa 
Company  making  application  to  Parliament  for  money  powers,  are, 
without  doubt,  an  ingenious  and  fairly  satisfactory  device  for  securing 
the  economization  of  capital. 

They  provide  that  the  additional  stock  or  share  capital  required 
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shall  be  raised  by  public  auction  or  tender,  instead  of,  as  formerly,  by 
ihe  allotment  of  the  stock  or  shares  to  the  existing  shareholders  pro 
rata  at  par. 

The  immediate  result  of  this  is  that  there  is  no  inducement  to  the 
Company  to  issue  and  expend  more  capital  than  is,  from  time  to  time, 
absolutely  necessary. 

A  limited  amount  of  ordinary  stock  is  put  up  to  competition,  and 
this  bearing,  say,  a  seven  per  cent,  standard  dividend,  commands  (in 
a  well-managed  Company)  a  premium  in  the  market  of  at  least  50  per 
cent.  In  other  words,  £100  par  value  of  stock  or  shares  sells  for, 
say,  £150,  being  thus  sold  and  bought  to  yield  about  4  to  4|  per 
cent,  interest. 

The  50  per  cent,  or  whatever  premium  is  realized,  forms  part  of 
the  capital  for  extensions  of  works,  but  is  not  entitled  to  dividend. 
In  this  way  the  importation  of  non-dividend  bearing  capital  into  the 
concern  is  advantageous  to  the  general  body  of  consumers,  whilst  at 
the  same  time  it  tends  to  give  stability  to  the  undertaking. 

The  **  Sliding  Scale. " — This  is  not  inserted  compulsorily  in  Gas 
Bills,  as  are  the  auction  clauses,  but  at  the  option  of  the  Company 
applying  to  Parliament.  A  standard  selling  price  for  the  gas, 
and  a  standard  rate  of  dividend  being  given,  it  is  provided  that  for 
every  penny  of  a  reduction  in  the  price  of  the  gas  below  the  standard, 
ihe  Company  are  empowered  to  pay  a  quarter  per  cent,  above  the 
standard  dividend,  or  one  per  cent,  for  a  reduction  of  fourpence,  and 
tnce  versd,  if  the  selling  price  of  the  gas  is  raised. 

It  is  assumed,  though  it  is  by  no  means  always  the  case,  that  the 
margin  of  profit  earned  after  making  the  reduction,  is  sufficient  to 
allow  of  the  increased  dividend  to  which  the  shareholders  are  entitled ; 
otherwise,  of  course,  it  cannot  be  paid,  unless  there  is  a  balance  in 
hand  of  revenue  that  can  be  drawn  upon. 

The  effect  of  the  sliding  scale  is  to  confer  a  greater  benefit  on  the 
consumers  than  on  the  shareholders ;  because  a  reduction  of  a  penny 
per  1000  cubic  feet  on  the  total  quantity  of  gas  sold  often  amounts  to 
a  sum  four  times  larger  than  that  represented  by  the  additional 
quarter  per  cent,  dividend  to  which  the  shareholders  are  entitled  by 
reason  of  the  reduction.  In  point  of  fact,  the  sliding  scale  creates  a 
virtual  partnership  between  the  gas  consumer  and  the  gas  proprietor, 
to  the  advantage  of  the  former. 

The  combined  effect  of  the  auction  clauses  and  the  sliding  scale  has 


426  NEWBIGGING^S   HANDBOOK   FOE 

been  to  induce  the  exercise  of  economy,  both  in  the  expenditure  of 
capital  and  in  the  general  working  of  the  undertaking,  and  so  to 
secure  a  gradual  reduction  in  the  selling  price  of  the  gas. 

No  doubt  the  Companies  who  were  enabled  to  adopt  the  sliding 
scale  of  price  and  dividend  in  the  early  days  of  its  inception,  are  to  be 
congratulated  on  the  results  they  have  achieved  in  the  way  of 
enhanced  dividends  by  its  application  and  working ;  but  there  is  less 
room  for  congratulation  to  any  who  adopt  it  now,  with  the  closer 
limitations  which  prevail  in  fixing  the  initial  or  standard  price. 

It  is  clear,  also,  that  Companies  seeking  powers  at  a  time  when  coal 
and  materials  generally  are  low  in  price,  are  placed  at  a  disadvantage 
as  compared  with  other  Companies  applying  to  Parliament  in  a  time 
of  inflated  prices.  Notwithstanding  all  experience,  one  of  the  ruling 
characteristics  of  average  human  nature  is  to  conclude  that  that  which 
actually  exists  will  scarcely  ever  again  be  modified  to  any  large  extent. 
Injustice  may,  therefore,  unintentionally,  be  meted  out  to  one  Com- 
pany, and  more  than  justice  to  another ;  and  so,  when  the  reaction 
comes,  the  circumstances  of  the  first  suffer  impairment,  whilst  the 
other  is  glutted  with  a  run  of  good  fortune.  This  want  of  equal 
justice  in  the  incidence  of  the  sliding  scale,  whilst  inevitable,  is 
sufficient  to  convince  any  disinterested  observer  that  its  indiscriminate 
advocacy  is  a  mistake.  It  is,  moreover,  a  curious  and  interesting 
commentary  on  the  action  of  the  sliding  scale  that,  in  spite  of  the 
inducement  which  it  offers  for  a  low  selling  price,  there  are  both  Oas 
Companies  and  Local  Authorities  who,  without  it,  can  produce  and 
sell  gas  at  a  price  as  low  as,  or  even  lower  than,  those  who  boast  its 
possession. 

Sundry  Useful  Notes.— In  choosing  the  site  for  a  gas-works, 
consideration  should  be  had  to  its  position,  which  should  be  at  the 
lowest,  or  nearly  the  lowest,  part  of  the  district,  to  obtain  the 
advantage  of  the  natural  increase  in  the  pressure  of  the  gas  in 
travelling  to  the  higher  levels. 

It  should,  if  possible,  be  alongside  a  railway,  navigable  river,  or 
canal,  for  convenience  in  the  delivery  of  coal  and  other  materials,  and 
the  disposal  of  such  of  the  residuals  as  are  despatched  to  a  distance. 

The  buildings  and  plant  should  be  so  set  out  on  the  land  as  to  admit 
of  future  extensions  being  made  with  ease  and  economy. 

The  design  of  a  structure  should  be  in  keeping  with  the  purpose  for 
which  the  structure  is  intended. 
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The  term  "  Siructoral  Value  "  has  reference  to  the  amount  of 
capital  expended  upon  works  in  their  construction. 

'*  Oommercial  Value  "  is  the  value  of  the  net  annual  profits  which  a 
Firm  or  Oompany  can  make  by  the  use  of  their  works. 

Oapital  is  best  spent  on  substantial  tanks  and  apparatus.  Mere 
ornament  should  be  a  secondary  consideration. 

The  average  cost  of  gas-works  in  provincial  tow^s  is  about  £1  per 
head  of  the  population.  In  very  large,  towns  it  will  amount  to  more, 
and  in  very  small  towns  it  will  scarcely  reach  that  sum. 

The  capital  of  most  gas-works  per  million  cubic  feet  of  gas  produced 
per  annum  is  from  £500  to  £700 ;  or  at  the  rate  of  about  10s.  to 
14s.  per  1000  cubic  feet.  Beckoned  on  the  maximum  production  of  gas 
in  24  hours,  the  capital  will  amount  to  about  2s.  8d.  to  2s.  8d.  per  cubic 
fbot,  or,  say,  £112  to  £188  per  1000  cubic  feet. 

The  capital  of  a  well-managed  Gas  Company  of  average  size,  does 
not  usually  amoimt  to  more  than  four  times  the  annual  gas  rental. 
Vice  versd^  the  gas  rental  should  be  at  least  one-fourth  of  the  capital. 

The  population  per  mile  of  main  is  usually  about  2000  people.  In 
densely  populated  towns  it  will  rise  to  8000 ;  but  in  fiishionable  resi- 
dential places,  where  the  houses  stand  more  apart,  the  population  per 
mile  of  main  will  fall  below  1000. 

The  usual  consumption  of  gas  per  mile  of  main  in  large  towns 
ranges  from  2}  to  6  millions  of  cubic  feet  per  annum ;  and  in  small 
towns  from  2  to  8  millions. 

The  gas  rental  per  mile  of  main  usually  ranges  from  £400  to  £600 
per  annum. 

The  average  consumption  per  head  of  the  population  in  large  towns 
is  about  2000  cubic  feet  per  annum ;  in  small  manu&cturing  towns 
about  1600  cubic  feet,  and  in  agricultural  towns  about  1000  to  1200 
cubic  feet  per  annum. 

The  usual  annual  increase  in  the  consumption  of  gas  is  from  6  to  10 
per  cent.    In  rapidly  growing  districts  it  will  range  higher. 
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TABLE, 

Showing  the  Time  in  which  the  Yearly  Consumption  of  Gas  wiU  be 
Doubled,  at  DiJ^erent  Annual  Rates  of  Increase. 


Bate  per 
cent  of 
Increase 
perann. 

■ 

Time  in  which 
WiU  be  Doubled. 

Rate  per 
cent,  of 
Increase 
perann. 

Time  in  which 
the  Consomption 
wiU  be  Doubled. 

Rate  per 
cent,  of 
Increase 
perann. 

Time  in  which 
the  ConsamptiOB 
wiU  be  Doabled. 

2 

86  years,      1  day. 
28  yean,    26  days. 
28  years,  164  days. 
20  years,    54  days. 
17  yean,  246  days. 
15  yean,  278  days. 
14  yean,    75  days. 

? 
8J 

12  years,  845  days. 
11  yean,  827  days. 
11  yean,     2  days. 
10  years,    89  days. 

9  yean,  218  days. 

9  yean,     2  days. 

8  yean,  181  days. 

9 

If 
a* 

8  years,    16dayi. 
7  yean,  288  days. 
7  years,  100  di^ 
6  yean,  844  days. 
6  years,  284  days. 
6  yean,  184  days. 
6  yean,   48  days. 

Handy  Rule  for  Converting  Capital  per  Million  Cubic  Feet  into 
Capital  per  Thousand  Cubic  Feet, 

Point  off  all  the  figures  after  the  hundreds  as  deoimalSi  and 
multiply  by  two. 

Example. — The  capital  of  a  gas  undertaking  is  £625  per  million 
cubic  feet  of  gas  sold  (or  produced)  per  annum,  what  is  the  capital 
per  1000  cubic  feet  ? 

Then.— 6-26  X  2  =  12-60 ;  say,  12s.  6d.  per  1000  cubic  feet. 


GOLDEN     RULES     FOR    GAS     MANAGERS. 

Keep  up  Uie  Jieats  of  the  retorts. 
Keep  up  the  efficiency  of  the  meters. 
Keep  down  the  pressure  in  the  mains. 
Keep  down  the  arrears  in  the  gas  ledger. 

These  rules  are  as  applicable  to-day  as  they  were  on  the  first  day 
they  were  penned,  as  they  embody  all  the  philosophy  of  gas  manage- 
ment. A  strict  adherence  to  the  advice  which  they  give  will  ensure 
the  success  of  any  gas  undertaking,  just  as  a  disregard  of  them  will 
result  in  loss  and  disaster. 

It  has  been  attempted  (with  little  success,  and  less  reason)  to 
impugn  the  utility  of  the  third  rule.  To  keep  down  the  pressure  in  the 
daytime  is,  it  is  alleged,  to  discourage  the  use  of  gas  for  cooking  and 
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heating.  But,  sorely,  to  make  snob  a  remark  is  to  betray  an  amomit 
of  dnhiess  not  easy  to  understand.  Tbe  meaning  of  tbe  rule  is 
obvious.  It  is  not  advised  that  the  pressure  should  be  kept  down  to 
an  abnormal  extent.  Whatever  pressure  is  required  either  by  day  or 
night  must,  of  course,  be  maintained ;  the  rule  indeed  implies  as  much, 
but  it  implies  something  more — its  object  is  to  discountenance  the 
maintenance  of  a  wasteful  pressure,  and  all  pressure  in  excess  of  actual 
requirements  is  wasteful.     Verhum  sat  sapienti. 

COEFFICIENTS 

OF   THE 

Number,  Dimensions,  and  Cost  of  the  various  Buildings,  Apparatus, 
Machinery,  and  Plant  of  a  Gas-Works, 

It  is  an  almost  impossible  task  to  give  a  series  of  coefficients  of  the 
number,  dimensions,  and  cost  of  Buildings,  Apparatus,  Machinery, 
and  Plimt,  applicable  to  the  individual  case  of  every  Gas: Works  in  the 
United  Kingdom.  That  such  is  the  fact  will  be  clear  when  the 
variations  in  size,  character  of  subsoil,  design  (whether  sub- 
stantial or  otherwise),  and  situation  of  such  Works,  are  taken  into 
consideration. 

Again,  although  the  cost  based  on  the  prices  of  labour  and  materials 
ruling  at  the  present  time  may  be  applicable,  it  is  evident  that  the 
figures  will  necessarily  vary  with  the  fluctuations  in  the  market  prices, 
and  the  effect  of  competition. 

And  neither  is  it  possible  to  fix  with  perfect  accuracy  a  standard  of 
prices  as  a  basis  that  will  apply  even  under  existing  circumstances,  as 
such  prices  vary,  less  or  more,  in  different  parts  of  the  country. 

At  the  best,  it  is  only  an  approximation  that  can  be  given,  and  an 
attempt  in  this  direction  is  made  as  follows : — 

Prices  on  which  the  Coefficients  of  Cost  are  based. 

Iiaboor.  Average. 

Skilled  labour lOd.  per  hour. 

Unskilled  ditto 4d.  to  6d.  per  hoar. 

Brickfletting,  Iftbonr  only 1b.  8d.  per  iiq.  yd.  9"  thick. 

Betort  setting,  labour  only 22a.  per  mouthpiece. 
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MateriAls.  Average. 

SeleotedbeBtprMsedbrioks £2  to  ^  58.  per  1000. 

OommoD  brioif,  best 90i.  per  1000. 

Portland  oement  .    ., 60f.  per  ton. 

JAmb  or  hydraolic  lime 22*.   ditto. 

OrdiiMurylime '  ....  lag.   ditto. 

Building  sand Is.  per  load. 

Sheet  lead  for  flaflbing Ids.  6d.  per  cwt. 

Fire-brioks  .    ., 60s.  per  1000. 

Superior  refractory  bricks,  as  silica,  &c 85s.    ditto. 

FiiV^lay,  ground 20s.  per  ton. 

Clay  retorts  21"  x  15" 48.  per  lineal  foot. 

Cast-iron  pipes  2"  to  4"  diameter £5  5s.  per  ton. 

Ditto         5"  to  8"         „  £6        ditto. 

Ditto         9"  to  16"        ,,  ie4 15s.  ditto. 

Ditto       17"  and  npwards £4  12b.  ditto. 

Specials,  oast-iron dES  to  i;ll  ditto. 

The  cost  of  laying  and  jointing  pipes  is  given  on  pp.  217  and  218. 
Wronght-iron  tnbes  according  to  list  prices,  with  60  per  cent,  discount. 
iMtto                       fltSngs                    ditto. 


Labour  and  Materials  combined.  Average. 

Stock  brickwork,  9"  thick 6s.  6d.  per  sauare  yard. 

Common  ditto,  best,  9"  thick ds.  9d.         ditto. 

Superior  dressed  stonework 8s.  per  cubic  foot 

Bubble  ditto       10s.  per  cubic  yard. 

Slating 8s.  to  8s.  6d.  per  square  yard. 

Flagging,  8"  flags 8s.6d.  to5fl.         ditto. 

Pa^g  with  5"  and  6"  setts 88.  6d.  to  58.         ditto. 

Portland  oement  concrete  1  in  9 lOs.  per  cubic  yard. 

Ditto  ditto  lin7 12s.  ditto. 

Ditto  ditto  lhi5 14s.  ditto. 

Cast-iron  in  large  castings £7  10s.  per  ton. 

Ditto  ditto         fbungonly 15s.         ditto. 

Ditto      smaUoastings £10  to  igl2  ditto. 

Plain  cast-iron  columns  and  beams ^  6s.  to  ig7  15s.  ditto. 

Ditto  ditto     fixing  only 10s.  to  15s.  ditto. 

Steel  or  wrought  iron  in  bus  with  forged  ends,  for 

roefwork    ...  £15    ditto. 

Ditto  ditto         fizhigonly    ....  £2      ditto. 

Ditto  ditto        in    angle,    tee,    and 

chiumel  ....  £15    ditto. 

Ditto  ditto         fixing  only    ....  £2     ditto. 

Steel  or  wronght-iron  roofs,  per  square  yard  of  floor 

area  covered,  but  not  including  slating 14s.  to  17s. 

Steel  or  wrought  iron  in  bars,  with  forged  ends,  for 

holder  work  and  apparatus  generally £17  per  ton. 

Ditto        fixing  only £2      ditto. 

Steel  or  wrought  iron  in  forgings,  small £18  per  ton. 

Ditto  fixing  only £1      ditto. 

Ditto              in    sheets    and    plates     cold- 
straightened  ana  punched     .  £18    ditto. 

Ditto  rivets  and  fixing £2  10s.  lOd.  ditto. 

Ditto  in  roUed  iron  g&ders    ....  £6  to  £6  10s.  ditto. 

Ditto  fixing  only 15s.   ditto. 

Ditto  riveted  girders £11  to  £12  ditto. 

Ditto  fixing  only 10s.  to  15b.  ditto. 

Sheet  lead  flashing  and  linings,  and  labour  placing    .  18s.  6d.  per  cwt 
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It  is  on  these  average  prices  current  that  the  coefficients  of  cost 
to  be  now  given  are  based. 

Capacity  of  the  Works. 

A  Qas- Works  capable  of  producing  a  maximum  of  680,000  cubic 
feet  of  gas  per  day  of  .24  hours  is  taken  as  a  basis,  and  this  size  of 
works  is  adopted  as  being,  though  comparatively  small,  about  a  fair 
average,  and  to  give  a  wider  applicability  to  the  figures  than  they 
would  have  had  a  very  large  works  been  assumed. 

Using  190. as  the  multiplier,  this  is  equivalent  to  an  annual  pro- 
duction of  120  million  cubic  feet.  Beasonable  allowance  is  also 
made  for  future  growth  in  the  consumption. 

The  site  of  such  a  works  will  comprise  2  to  8  statute  acres  of  land. 
It  is  assumed  that  the  site  is  fairly  level  and  such  as  to  admit  of  its 
being  fully  utilized. 

This  extent  of  land  is  capable  of  containing,  without  inconvenient 
crowding,  provided  the  works  are  laid  out  with  judgment,  the  whole 
of  the  manufacturing,  purifying,  and  storage  buildings  and  apparatus 
required  for  the  above  make  of  gas  per  day,  and  also  the  buildings 
and  plant  for  the  manufeicture  of  sulphate  of  ammonia,  the  recovery 
of  sulphur,  and  the  distillation  of  tar. 

The  cost  of  the  apparatus  in  each  case  includes  erection. 

The  buildings  are  assumed  to  be  neat  and  substantial. 

Estimating  the  production  from  each  mouthpiece  or  retcHrt  (oval  or 
D  shaped  21"  x  15"  x  10  feet  long)  at  6000  feet  of  gas  per  day  of 
24  hours  on  the  average —  .   . 

The  number  of  mouthpieces  required  is    .     .     •     105 
Add  by  way  of  surplus  to  meet  contingencies  21 

Total  mouthpieces  required     .     .     126 

The  retorts  are  assumed  to  be  in  settings  of  sixes  or  sevens,  and 
are  throughs*.' 
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Cost  reckoned  on 

Cost  Descripfclon.  (a4hou»')G«tpro.    ^^*  SSU?®'**"* 

dactlon  per  1000  P**^' 

CabioFeet. 

£  '  £   B,  d,  ie    8.  d. 

10,080    Stage  Floor  Retort  House  with  retort 

stack  20  feet  wide.  SN)  feet  space  on  each 

side.  Retort  settings,  two  dwarf  chim- 
neys, ffenerator  furnaces,  all  ironwork 

(inolnding  fool  main  ronnd  the  inside 

of  the  honse),  tools,  and  implements ; 

also  covered  ooal  stores  to  contain  six 

weeks'  stock  of  ooal  oaloolated  on  the 

maximum    days'   consumption,   with 

railway  communication 16    00        ..        8000 

6,255    Stage  Floor  Retort  House  and  coal  stores 

only,  as  above 9  18    9        . .        49  18    0 

8,825    Retort  Stack  and  two  Dwarf  Chimneye 

built  up  from  basement,  with  ^nerator 

furnaces,  retort  settings,  and  ironwork 

complete 613        ..        8070 

2,620    Brickwork   of  Retort   Stack  and    two 

dwarf  chimneys,  generator  furnaces, 

retorts,  and  settings,  but  no  ironwork  .  4  0  0  • .  20  0  0 
1,800  Ironwork  onlv  of  stack  complete,  includ- 
ing hydraulic  and  foul  mams  ....  218  ..  10  70 
680    RetortSf  including  labour  in  setting  and 

all  fire-day  materials  (no  ironwork)  10    0        . .         5    0    0 

680    Generator   Furnaces   and   ironwork  of 

same 100       ..         500 

7,000    Ground  Floor  Retort  House  with  retort 

stack  20  feet  wide,  20  feet  space  on 

each  side,  retort  settings,  two  dwarf 

chimneys,  all  ironwork  (including  foul 

main  round  the  inside  of  the  house), 

tools,  and  implements;    also  covered 

Coal  store  to  contain  four  weeks'  stock 

of  coal  calculated  on  the  maximum 

day's  consumption,  with  railway  com- 
munication        11    2    8        ..       55  10    0 

4,190    Ground    Floor  Retort  House  and  coal 

stores  only,  as  above 6  18    8        . .        38    5    0 

2,810    Retort  Stacks  two  dwarf  chimneys,  and 

retort  settings,  with  iron  mountings 

complete 490        ..        2260 

1,606    Brickwork  of  retort  stack,    two  dwarf 

chimneys,  retorts,  and  settings,  but  no 

ironwork 2  11    0        ..        12  15    0 

1,194  Ironwork  only  of  stack,  including  hy- 
draulic and  foul  mains 1  18    0        . .         9  10    0 

680    Retorts^  including  labour  in  setting  and 

fire-clay  materials  (no  ironwork)  10    0       •  •         5    0    0 

2,000  Railway  Communication  with  an  ad- 
joining line  of  railway.     This  is  an 

uncertain  item,  but  say  as  an  average  8  2  6  ..  16  0  0 
460    Condenser,     This  may  be  of  any  form, 

vertical  or  horizontal  (the  respective 

cost  will  not  vary  to  any  great  extent), 

with  connections  and  hye-pass  mains 

and  valves  complete 0  14    6        ..  — 
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Cost.  Detoription. 

£ 

635  BoiUr  and  ExJiauster  House.  Chimney  and  setting  for 
two  boilers 

300  Steam  BoUers  of  the  Gornish  ^rpe,  two  in  number,  of 
steel  and  of  ample  size  to  supply  steam  for  exhausters, 
scrubbers,  washer-sombber,  pumps,  sulphate  apparatus 
and  any  other  Durpose  on  the  works  lB'0"x5'6''  and  all 
mountmgs  ana  oonneotions 

830  Exhauster.  Capacity  40,000  cubio  feet  per  hour  driven 
direct,  with  its  own  steam  engine,  with  governor,  con- 
nections, bye-pass  mains  and  flap-vaJye  complete. 
Duplicate  exhausters  are  desirable  in  case  of  a  break- 
down    ' 

1,325  Tower  Scrubbers^  two  in  number,  9  feet  in  diameter  and 
44  feet  high  each,  with  pent-house  in  addition.  Wood 
filling,  liquor  and  water  distributors,  washer,  at  base  of 
first     .    •    

570  Washer  Scrubber  with  steam  engine,  connections,  bye- 
pass  mains  and  valves.  Capacity,  700,000  cubic  feet  per 
day 

500  Tar  and  Ammonia>cal  Liquor  WeUSf  two  in  number,  or 
one  divided  in  two.  These  are  assumed  to  be  under- 
ground, built  of  bricks  in  Portland  cement  mortar ; 
capacity  equal  to  four  weeks'  production  of  tar  and 

liquor;  with  separator 

80    Set  of  three  Pumps  with  steam  engine 

Cost  per  Square 

Foot  of  Pnrif  Ting 

Area. 

£   s.    d. 

3,780    Purifying  House.     Ground  floor  house 

with  cellar  and  six  purifiers  20  ft.  square 

X  5  ft.  deep,  and  lifting  apparatus  <for 

purifier  lids,  wood  grids,  one  centre 

valve,  two  4-way  change  valves,  and  all 

connections  18  m.  diameter,  complete.         1  11    B 

1,260    House  only,  as  above 0  10    6 

400    i^vivi/j^in^jP/oor  adjoining,  for  oxide  of 

iron,  covered  by  a  roof  supported  on 

pillars 0    8    4 

4,800    Two-Storied  Purifying  House^  including 

six  purifiers  20  feet  square  and  5  feet 

deep^  placed  on  upper  floor,  supported 

on    iron   beams    and  columns;   wood 

grids,  one  centre  valve,  and  two  4-way 

change  valves,  all  connections  18  in. 

diameter;  lifting  apparatus  for  purifier 

lids ;  revivifying  space  on  ground  floor, 

steam-engine  and  elevating  apparatus 

for  oxide  of  iron  and  lime 2    0    0 

1,780    House  only,  as  above 0  16    6 

300    Oxide  Elevating  Apparatus  with  gearing, 

belting,  and  steam  engine 0    2    6 

2,520    Purifiers.     Six  vessels,  20  ft.  square  x 

5  ft.  deep  in  two  sets.    The  first  four 

with  centre  valve,  and  the  two  last  with 

4-way  valves ;  with  wood  grids,  lifting 

tacklefor  covers,  and  all  oonneotions    .         110 


Cost  per  1000 
Cubic  Feet  of  Gas 

(mazimaxn) 

produced  per  Day. 

£    s.    d. 

0    17    0 


0      9    6 


0    10    6 


2      2    0 


0    18    0 


16 


6      0    0 
2      0    0 


0    12    6 


7     12    6 
3      3    0 

0      9    6 


0    0 
2f 
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Cost  per  1000 
n^.,h  Tw«<«^nf}««n  Cubic  Feet  of  O&s 

Cost.  Description.  (maximum) 

produced  per  IHy. 
M  iS    B.    d. 

500    Station  Meter  Eouae,  with  aooommodation  for  two  station 

meters,  and  two  station  governors 0  16    0 

425  Station  Meter.  Sqaareconnections,  with  bye-pass  valves, 
and  moontings,  oomplete;  capacity,  40,000  cubic  feet 
per  hour 0  13    6 

Cost  per  1000 
Cubic  feet  Capacity. 

£  8.  d. 
5,040  Oatholder  Tanks,  two  in  namber,  122  feet 
diameter,  22i  feet  deep  =  240,000  cnbic 
feet  each,  boilt  with  bricks  laid  in  Port- 
land cement  mortar  and  puddled  ...  10  10  0  800- 
7,040  Oasholdert,  two  in  namber,  two-lift, 
telescopic,  120  feet  diameter,  40  feet 
deep,  capacity  480,000  cubic  each,  to- 
gether 860,000  cnbic  feet,  equal  to  32 
hoars'  (1|)  days'  prodaction ;  with  stand 

pipes  and  valves 800  11    36 

286    Station  Governors,  16-inch, two  in  namber, 

with  bye-pass,  connections,  and  valves .  0    7    6 

400    Foundations  of  Apparatus  throughoat 

the  works 0  12    6 

815    Connections,  valves,  and  mains,  throngh- 
oat  the  works  16  in.  diameter.     Tar 

pipes,  water-pipes,  &o . .  0  10    0 

65     Wet ghbridge  tkt  entnnoe ..  0    2     0 

1,700    Offices,  Workshops,  Stores,  testing  room  and  laboratory, 

and  famishing. 2  14    0 

700    Boundary  Wall,  Drains,  yard  paving,  and  conveniences  .  12    0 

21,000  Distributing  Plant.  Assuming  that  the  oatlay  on  mains, 
valves,  syphons,  and  service  pipes,  amounts  to  30  per 
cent,  of  the  total  capital  expenditure,  which  is  a  fair 

average,  then  the  cost  will  be 33    6    8 

500  Sulphate  of  Ammonia  Apparatus,  capacitor  5  to  7  tons 
liquor  per  24  hours  and  appurtenances ;  including  two 
cast-iron  puriaers,  W  0"  x  5'  0"  X  6'  0",  hydraulic 
change  valve  and  wood  roof  on  pillars,  overhead  liquor 
tank  to  hold  10  tons,  lead-lined  acid  store  tank,  and  acid 

supply  tank  with  elevator,  pipes,  taps,  8x 0  16    0 

150    Buildings  and  lead-lined  store  for  ditto 0  12    6 

140    Sulphur  Recover f/  Apparatus 046 

810    Tar  Distilling  Apparatus 0  10    0 

280    Bail  dings  for  ditto 090- 
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Capital 
lmoant. 

Per- 
centage. 

Cost  per  1000 
CubloFeetofaas 

(maximam) 
produoedperDay, 

£ 

£    8.    d. 

6.800 
4,900 

9 

7 

10    0    0 
7  15    6 

Description. 


The  Capital  of,  say,  Jg70,000  would  be  dia- 

tnhuted  a*  under. 
Land,  law,  parliamentary  .and  engineering 

ezpensee 

Floating  capital .  

BoUdings  (mclnding  a  stage  floor  house, 

the  brickwork  of  the  retort  stack,  the 

gasholder  tanks,  tar  wells,  and  founda- 
tions of  apparatus) 22,400        . .      82        . .        86  11    0 

Apparatus  and  maoninery  (including  the 

Ironwork  of  retort  stack,  gasholders,  and 

the  apparatus  generally) 15,400        . .      22  24    9    0 

Distributing  plant,  mains,  serTice-pipes, 

<fec 21,000        ..80  88    6    8 

Total 470.000        ..100        ..      Ill    2    2 

Dividing  the  Jg70,000  Capital  under  the 

Heads  of  the  Diffe^-ent  Departments. 

Land,  law,  parliamentary  ,and  engineering 

expenses 6,300 

Floating  capital 4,900 

Manufacturing 16,100 

Parifying(inoIuding  condenser,Bcrubber8, 

wa^er  scrubber,  purifiers,  &c.)    .    .    .  9,100 

Storing 12,600 

Distributing • 21,000 

Total ^670,000 


9 

10    0 

0 

7 

7  16 

6 

23 

26  11 

0 

13 

14    9 

0 

18 

20    0 

0 

30 

88    6 

8 

100        . 

111    2 

2 

2f2 
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MISCELLANEOUS. 


BRICKS    AND    BRICKWORK. 

Usual  Dimensions  of  Bricks, 

9  inches  long ;  4^  inches  broad ;  2f  inches  thick. 

Weight  of  1000  common  clay  bricks,  about  3^^  tons. 

Weight  of  1000  fire-clay  bricks,  about  8i  tons. 

805  common  clay  bricks  weigh  about  1  ton.  • 

800  fire-clay  bricks  weigh  about  1  ton. 

82  bricks  laid  flat  will  pave  one  square  yard. 

52  bricks  laid  on  edge  will  pave  one  square  yard. 

Number  of  bricks  in  a  cubic  yard,  without  mortar,  416. 

Number  of  bricks  in  a  cubic  yard,  with  mortar,  884. 

In  England,  brickwork  is  generally  calculated  by  the  square  rod. 

A  rod  of  brickwork  measures  16^  feet  x  16^  feet  x  1^  feet  =  806 
cubic  feet,  or  11^  cubic  yards. 

A  rod  of  brickwork  =  272  superficial  feet,  1^  bricks,  or  18^  inches 
thick,  which  is  called  the  standard  thickness. 

Number  of  bricks  in  a  rod  of  brickwork,  allowing  for  waste,  4500. 

To  reduce  brickwork  from  superficial  feet  of  9  inches  thick  to  the 
standard  thickness  of  18^  inches,  deduct  one-third. 

To  reduce  brickwork  from  cubic  feet  to  superficial  feet  of  the 
standard  thickness  of  18^  inches,  deduct  one-ninth. 

To  reduce  brickwork  from  cubic  feet  to  rods,  divide  by  806. 

To  reduce  brickwork  of  more  than  1^  bricks  thick  to  superficial 
feet  of  the  standard  thickness  of  18}  inches,  multiply  the  area  in 
feet  by  the  number  of  half  bricks  in  thickness,  and  divide  the 
product  by  8. 

To  reduce  brickwork  footings  to  superficial  feet  of  the  standard 
thickness  of  18}  inches,  multiply  the  length  by  the  height  of  the 
courses,  in  feet,  and  the  product  by  the  number  of  half  bricks  in  the 
mean  breadth,  and  divide  by  8.  When  the  number  of  courses  is  odd, 
the  number  of  half  bricks  in  the  middle  course  is  the  mean.  When 
the  number  of  courses  is  even,  the  mean  breadth  is  fovmd  by  taking 
half  the  sum  of  half  bricks  in  the  upper  and  lower  courses. 
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Bond  in  Bnckwork, 

English  bond  is  the  strongest,  and  is  a  course  of  stretchers  and  a 
coarse  of  headers  alternately,  or  one  course  of  headers  and  one 
course  of  stretchers. 

Flemish  bond  is  a  header  and  stretcher  laid  alternately  in  the 
same  course. 

Hoop-iron,  when  used  as  bond,  should  be  well  tarred  and  sanded, 
and  bedded  in  Portland  cement. 
A  rod  of  brickwork  in  ordinary  buildings  requires  about — 
1  cubic  yard  of  lime. 
2f  cubic  yards  of  sand. 
A  rod  of  brickwork  in  a  gasholder  tank  requires  about — 
If  cubic  yards  of  blue  lias  lime. 
2^  cubic  yards  of  sharp  river  sand. 
A  rod  of  brickwork  requires  about — 

If  cubic  yards  of  Roman  or  Portland  cement. 
If  cubic  yards  of  sharp  river  sand. 
A  cubic  yard  of  quicklime  .      .      .     weighs  about  1460  lbs. 
„        ,,        blue  lias  quicklime        ,,  „      1470   „ 

„        „        Portland  cement  .         „  „      2416   „ 

M        M        Homan  cement     .         ,,  „      1700   „ 

„         „        dry  sand    ...         „  „      2430   „ 

The  above  materials,  when  made  into  mortar,  lose  about  one-third 
of  their  bulk. 

Fire-Clay. 

The  value  of  fire-clay  consists  chiefly  in  the  proportion  of  the 
alumina  to  the  fusible  matter  (viz.,  oxide  of  iron,  and  the  alkalies  of 
magnesia,  potassa  and  soda,  &c.)  and  to  the  silica ;  these  being  the 
principal  ingredients  of  which  it  is  composed.  The  larger  the  pro- 
portion of  alumina  to  the  fusible  matter,  the  more  refractory  the  clay. 
Of  two  clays  containing  alumina  and  fusible  matter  in  the  same  pro- 
portions, that  which  contains  the  least  silica  is  the  more  refractory. 

The  celebrated  clays  of  Stourbridge,  Newcastle-on-Tyne,  different 
parts  of  Yorkshire,  Scotland,  and  a  few  other  places,  are  valuable  in 
the  manufEkcture  of  bricks,  tiles,  and  retorts  used  in  furnaces  for  the 
distillation  of  coal. 

The  table  on  next  page  will  be  found  useful  in  this  connection. 
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TABLES, 

Sharing  the  Number  of  Bricks  in  WaUs  of  different  Areas,  f rain  \  a  Brick 
up  to  4  Bricks  thick.  Beckoned  at  4600  Bricks  to  tlie  Rod  (272  feet 
super.)  f  allowing  for  Waste, 

Table  I. — From  1  to  50  Superficial  Feet, 


Area  of  Wall. 

i  Brick 

1  Briok 

1*  Biiflks 

^rhiok. 

t  Bricks  n  BrickA 

8  Bricks 

ttiBrifiki 
Thl€k.  ' 

4  Brieki 

8up.Feet. 

on  Bed. 

Thick. 

Thiok. 

Thick. 

Thiok. 

TWek. 

1 

6 

11 

17 

sa 

28 

33 

39 

44 

2 

11 

22 

Sd 

44 

63 

m 

77 

88 

3 

17 

33 

60 

66 

a^ 

99 

116 

laa 

4 

22 

44 

66 

88 

no 

1^ 

154 

176 

6 

28 

66 

63 

no 

las 

166 

loa 

2^ 

6 

33 

66 

*J*J 

133 

165 

ISFS 

232 

266 

7 

39 

77 

116 

151 

193 

233 

270 

.m 

8 

44 

88 

ia2 

176 

231 

265 

:J09 

ii&a 

9 

50 

99 

149 

199 

248 

298 

347 

397 

10 

55 

110 

166 

221 

276 

331 

386 

441 

11 

61 

121 

182 

248 

808 

864 

426 

486 

12 

66 

132 

199 

266 

831 

397 

463 

629 

13 

72 

143 

215 

287 

858 

430 

602 

674 

14 

77 

154 

232 

809 

886 

463 

640 

618 

16 

83 

166 

248 

831 

414 

496 

579 

662 

16 

88 

176 

265 

353 

441 

629 

618 

706 

17 

94 

187 

281 

876 

469 

563 

656 

750 

18 

99 

199 

298 

397 

496 

596 

695 

794 

19 

105 

210 

314 

419 

524 

629 

733 

838 

20 

110 

221 

331 

441 

551 

662 

772 

882 

21 

116 

232 

847 

468 

679 

695 

811 

926 

22 

121 

243 

364 

486 

607 

728 

849 

971 

23 

127 

254 

881 

607 

634 

761 

888 

1016 

24 

132 

265 

897 

529 

662  ' 

794 

926 

1069 

25 

188 

276 

414 

551 

689 

827 

965 

1108 

26 

143 

287 

430 

674 

717 

860 

1004 

1147 

27 

149 

298 

447 

596 

744 

893 

1042 

1191 

28 

154 

309 

463 

618 

772 

926 

1081 

1286 

29 

160 

820 

480 

640 

800 

960 

1119 

1279 

30 

165 

831 

496 

662 

827 

993 

1158 

1324 

81 

171 

842 

618 

684 

856 

1026 

1197 

1368 

32 

176 

853 

529 

706 

882 

1059 

1235 

1412 

33 

182 

864 

646 

728 

910 

1092 

1274 

1466 

34 

188 

875 

568 

750 

938 

1126 

1313 

1500 

35 

193 

886 

579 

772 

965 

1158 

1351 

1544 

36 

199 

897 

696 

794 

993 

1191 

1390 

1588 

37 

204 

408 

612 

816 

1020 

1224 

1428 

1632 

38 

210 

419 

629 

838 

1048 

1257 

1467 

1676 

39 

215 

430 

646 

860 

1075 

1290 

1506 

1721 

40 

221 

441 

662 

882 

1103 

1324 

1544 

1765 

41 

226 

452 

678 

904 

1131 

1357 

1583 

1809 

42 

232 

468 

695 

926 

1168 

1390 

1621 

1853 

43 

237 

474 

711 

949 

1186 

1423 

1660 

1897 

44 

243 

485 

728 

971 

1213 

1456 

1699 

1941 

45 

248 

496 

744 

993 

1241 

1489 

1737 

1985 

46 

264 

507 

761 

1015 

1268 

1522 

1776 

2029 

47 

259 

618 

778 

1037 

1296 

1565 

1814 

2074 

48 

265 

529 

794 

1059 

1824 

1688 

1863 

2118 

49 

270 

640 

811 

1081 

1361 

1621 

1892 

2162 

50 

276 

551 

827 

1108 

1379 

1654 

1930 

2206 
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Showing  the  Number  of  li ricks  in  WaUs  of  different  Area.%  from  i  a  Btiek 
up  to  4  Bricks  thick.  Reckoned  at  4600  Bricks  to  the  Bod  (272  feH 
super,) ^  allowing  for  Waste. 

Table  II. — 51  to  100  Superjicial  Feet. 


Are*  of  WalL 

iBriok 

IBriok 

l^Brioks 

2  Bricks 

9i  Bricks 

8  Bricks 

8i  Bricks 

4  Bricks 

Sup.  Feet. 

on  Bed. 

thick. 

thick. 

thick. 

thick. 

thick. 

thick. 

thick. 

61 

281 

563 

844 

1126 

14C6 

1688 

1969 

2250 

62 

287 

674 

860 

1147 

1434 

1721 

2007 

2294 

63 

292 

684 

877 

1169 

1461 

1754 

2046 

2338 

64 

298 

696 

893 

1191 

1489 

1787 

2086 

2382- 

66 

808 

607 

910 

1218 

1517 

1820 

2128 

2426 

66 

809 

618 

926 

1235 

1544 

1858 

2162 

2471 

67 

814 

629 

943 

1257 

1672 

1886 

2200 

2516 

68 

320 

640 

960 

1279 

1599 

1919 

2239 

2559 

69 

325 

651 

976 

1301 

1627 

1962 

2278 

2603 

<H) 

831 

662 

993 

1823 

1654 

1985 

2316 

2647 

61 

836 

678 

1009 

1846 

1682 

2018 

235ff 

2691 

62 

342 

684 

1026 

1368 

1710 

2051 

2393 

2785 

63 

847 

695 

1042 

1390 

1737 

2085 

2432 

2779 

64 

868 

706 

1059 

1412 

1765 

2118 

2471 

2824 

65 

868 

717 

1076 

1434 

1792 

2151 

2509 

2868 

66 

864 

728 

1092 

1456 

1820 

2184 

2548 

2912 

67 

369 

739 

1108 

1478 

1847 

2217 

2686 

2966 

68 

376 

750 

1126 

1500 

1875 

2250 

2625 

8000 

69 

881 

761 

1142 

1522 

1908 

2288 

2664 

3044 

70 

386 

772 

1158 

1544 

1939 

2316 

2702 

3088 

71 

392 

783 

1175 

1566 

1958 

2349 

2741 

8132 

72 

397 

794 

1191 

1688 

1985 

2382 

2779 

3177 

73 

403 

805 

1208 

1610 

2013 

2416 

2818 

3221 

74 

408 

816 

1224 

1632 

2040 

2449 

2857 

8265 

76 

414 

827 

1241 

1664 

2068 

2482 

2896 

8809 

76 

419 

838 

1267 

1676 

2096 

2515 

2934 

8863 

77 

425 

849 

1274 

1699 

2123 

2548 

2972 

8897 

78 

480 

860 

1290 

1721 

2151 

2581 

3011 

8441 

79 

486 

871 

1807 

1743 

2178 

2614 

3050 

8485 

80 

441 

882 

1324 

1766 

2206 

2647 

3068 

3629 

81 

447 

898 

1340 

1787 

2288 

2680 

8127 

3674 

82 

462 

904 

1357 

1809 

2261 

2718 

3166 

3618 

83 

458 

915 

1378 

1831 

2289 

2746 

3204 

8662 

84 

463 

926 

1390 

1853 

2316 

2779 

3243 

8706 

85 

469 

988 

1406 

1875 

2344 

2813 

3281 

3760 

86 

474 

949 

1423 

1897 

2371 

2846 

3320 

8794 

87 

480 

960 

1439 

1919 

2899 

2879 

8358 

8888 

88 

485 

970 

1456 

1941 

2426 

2912 

8397 

3882 

81) 

491 

982 

1472 

19G3 

2454 

2945 

8486 

3926 

90 

496 

993 

1489 

1985 

2482 

2978 

3474 

3971 

91 

602 

1004 

1506 

2007 

2509 

8011 

3513 

4015 

92 

607 

1015 

1622 

2029 

2537 

8044 

3551 

4069 

93 

613 

1026 

1539 

2051 

2564 

8077 

3590 

4103 

94 

618 

1037 

1555 

2074 

2592 

3110 

3629 

4147 

95 

624 

1048 

1572 

2096 

2619 

3143 

8667 

4191 

96 

629 

1069 

1588 

2118 

2647 

3176 

3706 

4286 

97 

636 

1070 

1605 

2140 

2676 

3210 

3744 

4279 

98 

640 

1081 

1621 

2162 

2702 

3243 

8783 

4824 

99 

546 

1092 

1688 

2184 

2730 

3276 

3822 

4868 

100 

'   561 

1108 

1664 

2206 

2757 

3309 

8860 

4412 
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Shi/miuj  the  Number  of  Bricks  in  walh  of  different  Areas,  from  J  Bnck 
up  to  4  Bricks  thick.  Beckoned  at  4600  Bricks  to  the  Bod  (272  feet 
super.),  allolring  for  Waste. 

Table  HI. — From  110  to  600  Superficial  Feet. 


Area  of  WalL 

i  Brick 

1  Brick 

1|  Brloki 

i  SBrialEfl 

"I^  Brickfl 

a  Brifika  U  BrfAktl  4  Briokm 

Sup.  Feet. 

on  Bed. 

thick. 

thick. 

(Hick. 

thick. 

Ihic^i. 

thick. 

1  ihiot 

110 

607 

1218 

leao 

2426 

3033 

304U 

424(i    4653 

120 

662 

1824 

1985 

2(347 

8309 

3971 

4632    52S»4 

180 

717 

1434 

2151 

28^ki 

3686 

4301 

6018 

6735 

140 

772 

1644 

2316 

30yy 

3860 

4632 

5404 

6176 

160 

827 

1664 

2482 

sacK* 

4L36 

4963 

£790 

6618 

160 

882 

1766 

2647 

3529 

4412 

6294 

6176 

7069 

170 

988 

1876 

adia 

a7,vO 

4688 

5625 

6663 

7500 

180 

998 

1986 

S978 

3971 

49(J3 

6956 

6949 

7941 

190 

1  1048 

2096 

8U3 

4191 

5£3iJ 

6287 

7386 

8382 

200 

1108 

2206 

3309 

4412 

6516 

6618 

7721 

8624 

210 

1168 

2816 

3474 

4632 

6790 

69J'J 

8107 

9266 

220 

1218 

2426 

34140 

4853 

6066 

727J 

8493 

9706 

280 

1268 

2687 

a805 

mu 

6342 

7610 

Ba79 

10,147 

240 

1824 

2647 

3lf7l 

5294 

6618 

7911 

9266 

10,538 

260 

1879 

2767 

4136 

5515 

6893 

m72 

IMiai 

11,029 

260 

1484 

2868 

4301 

5736 

7169 

6603 

10,037 

1U71 

270 

1489 

2978 

44157 

6956 

7445 

8934 

10,423 

11,912 

280 

1644 

8088 

4ti32 

6176 

7721 

i>265 

i0,8uft 

1 2,353 

290 

1699 

8199 

479B 

6397 

7096 

%96 

11.195 

13,794 

800 

1664 

8809 

4963 

6618 

B2TI 

0^>26 

U,581 

13,2*56 

810 

1710 

8419 

5129 

6838 

8548 

10/257 

11,967 

13,676 

820 

1765 

8629 

52114 

7069 

6ti2^ 

ja,r>83 

12,36a 

14,im 

880 

1820 

8640 

5460 

7279 

9099 

]0,^Jl9 

12,789 

14,559 

840 

1876 

8750 

5626 

7500 

9875 

J  1,1!  50 

18,125 

16,000 

860 

1980 

8860 

6790 

7721 

9651 

ii,.-.31 

18,611 

16,441 

860 

1986 

3971 

5956 

7941 

^^^26 

L2 

18,897 

16,882 

870 

2040 

4081 

6121 

8162 

10,-02 

.  13 

14,283 

16,324 

880 

2096 

4191 

6287 

8382 

K.I  J  78 

r2    H 

14,669 

16,766 

890 

2151 

4301 

6462 

8603 

Hj,^54 

T>    H 

16,055 

17,206 

400 

2206 

4412 

•  6618 

8824 

:]I.'29 

■}■■'•    i5 

16,441 

17,647 

410 

2261 

4522 

6788 

9044 

JE.05 

56 

16,827 

18,088 

420 

2816 

4632 

6949 

9265 

;ii..  81 

J7 

16,218 

18,629 

480 

2371 

4743 

7114 

9485 

11. ■57 

>8 

16,599 

18,971 

440 

2426 

4853 

7279 

9706 

:i2..32 

)9 

16,985 

19,412 

460 

2482 

4963 

7446 

9926 

VJ.-.DS 

K) 

17,371 

19,858 

460 

2687 

6074 

7610 

10,147 

:Ji'..34 

..,.J1 

17,757 

20,294 

470 

2592 

6184 

7776 

10,368 

:i-.-60 

15,651 

18,143 

20,786 

480 

2647 

5294 

7941 

10,588 

-,^ 

15,882 

18,529 

21,176 

490 

2702 

6404 

8107 

10,809 

13,511 

16,213 

18,915 

21,618 

600 

2767 

6516 

8272 

11,029 

13,787 

16,644 

19,301 

22,059 

610 

2818 

5625 

8438 

11,260 

14,063 

16,875 

19,688 

22,500 

620 

2868 

5736 

8603 

11,471 

14,338 

17,206 

20,074 

22,941 

680 

2928 

5846 

8768 

11,691 

14.064 

17,537 

20,460 

23,382 

640 

2978 

5956 

8934 

11,912 

14,890 

17,868 

20,846 

23,824 

660 

8083 

6066 

9099 

12,182 

15,165 

18,199 

21,232 

24,265 

660 

8088 

6176 

9265 

12,353 

15,441 

18,529 

21,618 

24,706 

670 

8148 

6287 

9430 

12,574 

15,717 

18,860 

22,004 

26.147 

680 

8199 

6897 

9596 

12.794 

15,998 

19,191 

22,890 

26,688 

690 

8254 

6507 

9761 

18,015 

16,268 

19,522 

22,776 

26,029 

60O 

8809 

6618 

9926 

18,235 

16,644 

19,853 

28,162 

26,471 
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Slwwing  tite  Number  of  Bricks  in  Walls  of  different  Areas,  from  ^  a  Brick- 
up  to  4:  Bricks  thick.  Reckoned  at  4500  Bricks  to  the  Rod  (272  feet 
super,),  allowing  for  Waste. 

Table  IV.— From  610  to  2000  Superficial  Feet. 


Area  of  Wall 

i  Brick 

1  BHok  U  Bricksl  3  Bricks  24  Bricks  8  Bricks  U  Bricks 

1  Bricks 

Bap.  Feet. 

on  Bed. 

thick. 

thick. 

thick. 

thick. 

thick. 

thick. 

thick. 

610 

3364 

6728 

10,093 

18,456 

16,820 

20,184 

28,548 

26,912 

020 

3419 

6838 

10,257 

18,676 

17,096 

20.516 

28,984 

27,868 

630 

3474 

6949 

10,423 

18,897 

17,371 

20.846 

24,820 

27,794 

640 

3529 

7059 

10,588 

14,118 

17,647 

21,176 

24,706 

28.236 

650 

3585 

7169 

10,754 

14,388 

17,923 

21,507 

25,092 

28,676 

660 

8640 

7279 

10,919 

14,669 

18,199 

21,888 

25,478 

29,118 

670 

3696 

7890 

11,085 

14,779 

18,474 

22.169 

26,864 

29,659 

680 

3750 

7500 

11,260 

15,000 

18,760 

22,500 

26,260 

80,000 

690 

3805 

7610 

11,416 

15,221 

19,026 

22,881 

26,686 

80.441 

700 

3860 

7721 

11,681 

15,441 

19.301 

23,162 

27,022 

80.882 

710 

3915 

7831 

11,746 

15,662 

19.677 

23,493 

27.408 

81324 

720 

3971 

7941 

11,912 

15,882 

19,863 

28,824 

27,794 

81,766 

780 

4026 

8051 

12,077 

16,103 

20,129 

24,154 

28,180 

82,206 

740 

4081 

8162 

12,243 

16,324 

20,404 

24,485 

28,666 

82,647 

750 

4136 

8272 

12,408 

16,644 

20,680 

24,816 

28,952 

83,088 

760 

4191 

8382 

12,574 

16,765 

20,956 

26,147 

29,838 

83,529 

770 

4246 

8493 

12,739 

16,985 

21,232 

25,478 

29,724 

88,971 

780 

4301 

8603 

12,904 

17,206 

21,507 

25,809 

80,110 

84.412 

790 

4357 

8713 

13,070 

17,426 

21,783 

26,140 

30,496 

84,863 

800 

4412 

8824 

13,236 

17.647 

22,059 

26,471 

80,882 

85,294 

810 

4467 

8934 

13,401 

17,868 

22,836 

26,801 

81,268 

85,786 

820 

4522 

9044 

13,666 

18,088 

22,610 

27,182 

81,664 

86,176 

830 

4677 

9154 

13,732 

18,309 

22,886 

27,463 

82.040 

86,018 

840 

4632 

9265 

13,897 

18,529 

28,162 

27,794 

82,426 

87,059 

850 

4688 

9376 

14,063 

18,760 

28,438 

28,126 

32,818 

87,600 

860 

4743 

9486 

14,228 

18,971 

28,713 

28,456 

88,199 

87,941 

870 

4798 

9596 

14,393 

19,191 

23,989 

28,787 

88,585 

88.382 

880 

4853 

9706 

14,669 

19,412 

24,265 

29,118 

88,971 

38,824 

890 

4908 

9816 

14,724 

19,682 

24,640 

29,449 

84,867 

39,266 

900 

4963 

9926 

14,890 

19,868 

24,816 

29,779 

84,748 

89,706 

910 

5018 

10,037 

16,055 

20,074 

25,092 

30,110 

85,129 

40,147 

920 

5074 

10,147 

15,221 

20,294 

26,368 

80,441 

36,616 

40,588 

980 

5129 

10,257 

16,386 

20,515 

26,648 

30,772 

86,901 

41,028 

940 

5184 

10,368 

15,651 

20,785 

26,919 

81,108 

86.287 

41,471 

960 

5239 

10,478 

15,717 

20,956 

26,195 

31,484 

87,678 

41,912 

960 

6294 

10,588 

16,882 

21,176 

26,471 

81,766 

87,069 

42,358 

970 

6349 

10,699 

16,048 

21,397 

26,746 

82,096 

87,446 

42,794 

980 

6404 

10,809 

16,213 

21,618 

27,022 

32,426 

87,881 

43,286 

990 

6460 

10,919 

16,379 

21,888 

27,298 

82,767 

38,217 

43.676 

1000 

6515 

11,029 

16,644 

22,059 

27,574 

83,088 

38,608 

44,118 

1100 

6066 

12,132 

18.199 

24,266 

80,331 

36,397 

42,468 

48,629 

1200 

6618 

13,235 

19,863 

26,471 

88,088 

89,706 

46,824 

62,941 

1300 

7169 

14,338 

21,507 

28,676 

35,846 

48,015 

60.184 

67,868 

1400 

7721 

15,441 

28,162 

30,882 

88,603 

46,824 

64,044 

61,765 

1600 

8272 

16,544 

24,816 

33,088 

41,860 

49,632 

57,904 

66,176 

1600 

8824 

17,647 

26,471 

86.294 

44,118 

62,941 

61.765 

70,688 

1700 

9375 

18,750 

28,125 

37,500 

46,826 

56,260 

66,626 

75,000 

1800 

9926 

19,853 

29,779 

89,706 

49,682 

69,669 

69,486 

79.4ia 

1900 

10,478 

20,956 

31,484 

41,912 

62,890 

62,868 

78,846 

88,834 

2000 

11,029 

22,059 

38,088 

44,118 

66,147 

66,176 

1  77,206 

88.286 
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Showing  the  "Number  of  Bricks  in  Walls  of  different  Areas  from  \  a  Brick 
up  to  4t  Bricks  thick.  Reckoned  at  4500  Bricks  to  the  Bod  {^12  feet 
super. )^  allowing  for  Waste, 

Table  \.—From  2100  to  250,000  Superficial  Feet. 


ArcaofWaU. 

1  Brick 

i  Brick 

UBdoke 

a  Bricks  ' 

2^  Brtcks  5  BHcks  ! 

i|BJiokfl 

iBxidka 

Sup.  Feet. 

on  Bed< 

thiok. 

'thick. 

thick. 

thick. 

thick.    1 

thJc^ 

XhiaK. 

2100 

n,fiai 

23,162 

34,743 

46,324 

57,904 

69.4861 

81,066 

92^47 

2200 

i2.ia2 

24.266' 

B6,tS97 

48,639 

60,662 

72,794^ 

84,936 

97,059 

2:«X) 

I2,t>84 

2,^,368 

88,061 

50,735 

63,419 

76,103 

88,767 

101,471 

2100 

13,235 

2^,471 

39,706 

62,941 

6^i,176 

79,412 

02,647 

i^'S*! 

2500 

13,787 

27,574 

41.360 

55,147 

68,934 

Ba,721 

96,507 

110|2<»4 

aeoo 

1.1,3H8 

2y,«76 

43,016 

67,353 

71,691 

86,029 

100,368 

114,706 

2700 

14,600 

2;>,779 

44,669 

59,559 

74,449 

89,338 

104,228 

119,118 

2&00 

15,44J 

a0,882 

46,323 

61,765 

77,206 

92,647 

108,0S8 

123,529 

2?*0U 

is^tKJa 

31,985 

47:rm 

63,^1 

79.963 

96,956 

111,949 

127,941 

3000 

16,544 

33,0B8 

49,632 

60,176 

82,721 

99,265 

115,609 

132,353 

3100 

17,0^6 

34,191 

61,387 

68,382 

8.5,47fe 

103,574 

119,669 

136,766 

S200 

17,1]47 

35,294 

52,*J41 

70,588 

88,S35 

105,8'!i2 

123,529 

141,176 

3300 

18,190 

33,397 

5i,6y6 

72,794 

90,993 

109,191 

327,390 

145,588 

3^00 

ia,750 

37,500 

56,250 

75,000 

93,7o0 

112,60C» 

13M60 

160,000 

dAOO 

i9,aoi 

38,603 

67,904 

77,206 

96,607 

115,809 

135,110 

154,412 

StiOO   ; 

19,853 

39.706 

59,559 

79,412 

99,265 

119,118 

138,971 

158.824 

S700 

20,J04 

40,809 

6i,218 

81,618 

lCm.022 

122,426 

142,831 

168,il35 

3300 

20,9r)fi 

41,912 

62,868 

8:^,824 

104,779 

125,736 

146,691 

167,647 

3900 

21,507 

43.015 

04,522 

66,029 

107„>37 

129,044 

160,551 

172,059 

4000 

22,0&J> 

44,118 

66.176 

88,235 

iio;jai4 

l32,Lt53 

164,412 

176,471 

4100 

53,610 

45,331 

67,8:J1 

W,441 

113,051 

I86,6li2 

168,272 

180,882 

4£00 

m,im 

4ti,32I 

69,48,5 

92,647 

115,809 

138,971 

162,132 

165,2*14 

4300 

^r^ 

47,425 

71,140 

9i,a'j3 

l]e,56<i 

142,279 

jm.m^ 

169,706 

440O 

24.2(id 

48.529 

72,794 

97,059 

121.324 

lJ5,5y8 

169.8i53 

194,118 

4600 

24.S16 

49,fjH2 

74,449 

9^),2r.5 

124,081 

118,8^97 

173,713 

198,62*1 

4£00 

24,3(38 

50,735 

76,10;i 

101,471 

136,838 

J52,-atM3 

177,574 

202,941 

i700 

05,919 

61,838 

77,767 

103,67^1 

129,596 

155.515 

181.434 

207,353 

4800 

2(5,47] 

62,011 

79,412 

lttj,6&2 

132,363 

158,824 

185,294 

211,7a^ 

4900 

^^^ 

G4,D44 

81,066 

106,08b 

135,110 

102,132 

189,154 

216.176 

6000 

27,574 

65.i47 

82,721 

110.294 

137,868 

166,'Hl 

193,016 

320,688 

10,000 

55,147 

]10,L»94 

155,441 

220,586 

276,736 

330,B82 

386,029. 

441.176 

15,000 

82,721 

106,441 

Si48.l62 

930,882 

413,603 

496,324 

679,044 

061,765 

20,000 

110,aM 

220.588 

330,882 

441,176 

651,471 

661,765 

772,fl5!i 

662,353 

25,000 

ia:,so8 

275,73^1 

413,603 

551,471 

689,338 

827,^06 

965,074 

1,1 1/2,941 

30,000 

1G5,MI 

330.881^ 

496,324 

661,765 

827,206 

992.647; 

1,158.088 

1,823,629 

33,000 

193,015 

386,029 

579,044 

772,059 

965,074 

1.158,(B8 

1,351,103 

1,544,118 

^0,000 

230,586 

441,176 

66l,7(irj 

8R2,353 

1,102,941 

1,323,62ft 

l/i44,n& 

1,764,706 

^5,000 

246,162 

496,324 

714,481^ 

992,647; 

1,240,809 

1,488,971 

1,737,132 

l,9&5,5K+4 
2,20^5,882 

60,000 

276,735 
303,30i) 

551,471 

827,200 

1,102,941 

1,378,676 

1,654,412 

1,930,147 

56,000 

60(3,616 

9011,92(3 

l,2lfi,a35 

1,516.544 

1,819,75:-^ 

2,123,16U 

2,426,471 

60.000 

3aO,b82 

661,765 

992,6^17 

1,323,629 

1,(>54,412 

1,986,294 

2.316,176 

2,647,059 

i^5,000 

358,45^ 

71t3,912 

1,075,36^ 

1,433,824 

1,792,279 

2,150,735 

2,5ft:M91 

2.667,647 

70,000 

386,029 

772,059 

1,158,088 

1,544.118 

1,930,147 

2,316,176 

2,7012,20f^ 

3,088^5 

75,000 

4ia,G03 

827,206 

1,240,809 

l,6rj4,412 

2,066,015 

2,481,616 

2,895,221 

3,308,824 

BOjOOO 

441,176 

BB'l^m 

1,3'23,529 

l,764,70<> 

2,205,882 

2,647,050 

3,(;88,23i'j 

3,629,412 

86,000 

IB8,750 

937Xi00 

I, ■!  06,250 

l,875,fiO0 

2,343.750 

2.812,500 

3,281,2.^0 

3,750,0U1 

90iOOO 

490,324 

9^*2.647 

1,488.971 

l,9a5,294 

2,481,618 

2,977,941 

3,474,265 

3,970,588 
4,191,176 

96,000 

533,^1)7 

1,047,794 

1,571,71U 

2,095,588 

•2.619.485 

3,143,3>^2 

;0''67,27if 

100.000 

561,471 

1^102,941 

1,654,4x2 

2,205^2 

2:757,353 

3,308,824 

3,8ti0.294 

4,411,766 

150,100 

827,2<)6 

l.(?54,412 

2,481,618 

3,308,824 

4,136,029 

4,968,235 

6,790,441 

6,617,647 

200,000 

1,102,94! 

2,2&^,e&2 

3,30?  33-1 

4,411, 7f>5 

5,514,70f] 

6,617.647 

7,720.688 

8,^23,529 

250,000  1 

l,378,tJ7y 

2,767,353, 

4,136,029 

6,614,706 

6,893,382 

;8,272,059 

9,650,736 

11,0-29,412 
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MORTAR  AND  CONCRETE. 

Mortar, 

By  Measure. 

Lime 1  part. 

Sharp  river  sand 8  parts. 

or, 

Lime 1  part. 

Sand   .  • 2  parts. 

Blacksmith's  ashes  or  clinker,  ground  ...     1  part. 

( 'oarRe  Mortar, 

Lime 1  part. 

Coarse  sand 4  parts. 

Hydraulic  Lime  Mortar, 

Best  blue  lias  lime 1  part. 

Clean  sharp  river  sand 2^  parts. 

or, 

Best  blue  lias  lime 1  part. 

Burnt  clay 2  parts. 

or, 

Best  blue  lias  lime 1  part. 

Puzzolana 1  part. 

Clean  sharp  sand 6  parts. 

Cement  Mortar, 

Cement,  Portland 1  part. 

Clean  sharp  sand 8  parts. 

The  lime  should  be  fresh  burnt,  and  not  more  than  sufficient  of  the 
mortar  for  a  day's  work  prepared  at  once.  The  cement  mortar  should 
only  be  made  as  it  is  being  used. 
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Cona'ete, 
Blue  lias  lime  concrete  (for  foundations) —  ^y  Memsure. 

Gravel,  shinglCi  broken  stone,  bricks,  or  old  retorts, 

1^  to  2  inches  cube 6  parts. 

Clean  sharp  sand 2  parts. 

Blue  lias  or  other  hydraulic  lime 1  part. 

Portland  cement  concrete  (for  tank  walls) — 
Gravel,  shingle,  broken  stone,  bricks,  or  old  retorts, 

1 J  inches  cube 7  paits. 

Clean  sharp  sand 2  parts. 

Portland  cement "1  part. 

Mastic  Cement  far  Buildings, 


'  1  part  red  lead. 
5  parts  ground  lime. 
5  parts  sharp  sand 
Mix  with  boiled  linseed  oil. 


1  part  red  lead. 
5  parts  whiting. 
10  parts  sharp  sand. 
Mix  with  boiled  linseed  oil. 


Clean  sharp  sand  (not  having  its  particles  rounded  by  attrition) 
should  always  be  used  in  the  composition  of  mortar  when  it  can  be 
procured  ;  but,  otherwise,  clean  well-burnt  ashes  may  be  substituted. 

In  preparing  ordinary  mortar  it  is  desirable  to  mix  a  small  propor- 
tion of  smithy  ashes  with  the  lime  and  sand.  On  this  subject  Mr. 
Graham  Smith  remarks  ('*  Engineering  Papers,'*  p.  20):  '*  The  im- 
portance of  the  admixture  of  ashes  with  mortar  to  be  atmospherically 
dried  will  be  shown  by  the  following  results : — The  bricklayers' 
mortar,  with  common  bricks,  after  a  lapse  of  84  days,  broke  with 
570  lbs. ;  when  sand  was  substituted  in  place  of  ashes — that  is,  when 
the  proportions  were  1  slaked  lime,  2  sand,  and  no  ashes — it  only  re- 
quired 267  lbs.  to  tear  asunder  the  bricks.  These  are  the  averages  of 
three  experiments.  This  is  no  doubt  attributable  to  the  ashes  bemg 
porous  ;  they  thus  allow  greater  facilities  for  the  absorption  of  carbonic 
acid  from  the  atmosphere." 

The  more  sand  that  can  be  incorporated  with  the  lime,  the  better 
the  mortar,  provided  the  necessary  degree  of  plasticity  is  preserved. 

A  load  of  mortar  is  equal  to  one  cubic  yard. 

A  hod  of  mortar  measures  9  in.  x  9  in.  x  14  in. 

Two  hods  of  mortar  are  nearly  equal  to  a  bushel. 

The  mortar  in  a  rod  of  brickwork  (4500  bricks)  is  taken  at  1^  cwt. 
of  chalk  lime  and  2  loads  of  sand,  or  1  cwt.  of  stone  lime  and 
2^  loads  of  sand. 
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Hamly  MuLtipUer  for  Wrought -Irfm. 
If  the  area  in  square  inches  of  the  cross  section  of  any  specimen  of 
wrought  iron  be  multiplied  by  8-84,  the  product  will  be  the  weight  in 
pounds  of  a  lineal  foot  of  such  specimen. 

FLAT     BAR     IRON. — Weight  in  lbs.  of  a  Lineal  Foot 


Breadth 

1 

Thickness  in  Parts  of  an  Inch. 

in 
Inches. 

l-4th. 

6-16th8. 

asths. 

7-16thB. 

1-half. 

6-8th8. 

(Mths. 

7-8»hs. 

1 

1 

•836 

1-044 

1-263 

1-461 

1-670 

2-088 

2-606 

2-928 

8-340 

n 

•9»9 

1-174 

1-409 

1-644 

1-878 

2-348 

2-818 

8-287 

3-766 

li 

1-044 

1-306 

1-666 

1-826 

2-088 

2-609 

8-132 

3-653 

4-176 

n 

1-148 

1-436 

1-722 

2-009 

2-296 

2-870 

8-444 

4-018 

4-592 

H 

1-262 

1-666 

1-879 

2-192 

2-604 

8-131 

3-758 

4-884 

6-008 

n 

1-368 

1-696 

2-086 

2-374 

2-716 

3-892 

4070 

4-749 

5-432 

u 

1-462 

1-827 

2-192 

2-667 

2-924 

8-668 

4-384 

6114 

6-848 

u 

1-666 

1-967 

2-348 

2-740 

3-132 

3-914 

4-696 

6-479 

6-264 

2 

1-671 

2088 

2-606 

2-922 

8-842 

4-176 

6-010 

5-846 

6-684 

2i 

1-776 

2-218 

2-662 

3105 

8-660 

4-436 

5-824 

6-210 

7-100 

2i 

1-880 

2-348 

2-818 

3-288 

8-760 

4-696 

6-686 

6-676 

7-620 

22 

1-984 

2-479 

2-976 

8-470 

8-968 

4-967 

6-960 

6-941 

7-936 

2i 

2-088 

2-609 

3-131 

3-668 

4-176 

6-218 

6-262 

7-806 

8-352 

22 

2-193 

2-740 

3-288 

8-886 

4-886 

5-479 

6-576 

7-671 

8-772 

25 

2-297 

2-870 

3-444 

4  018 

4-694 

6-740 

6-888 

8-036 

9-188 

25 

2-402 

3001 

3-601 

4-201 

4-804 

6  001 

7-202 

8-402 

9-608 

8 

2-606 

8-181 

3-768 

4-884 

6-012 

6-262 

7-516 

8-767 

10-024 

H 

2-716 

8-392 

4071 

4-749 

6-480 

6-784 

8-142 

9-498 

10-860 

8i 

2-923 

8-663 

4-384 

6  114 

6-846 

7-806 

8-768 

10-228 

11-692 

3J 

8-182 

3-914 

4-697 

5-479 

6-264 

7-828 

9-894 

10-969 

12-528 

4 

3-341 

4-176 

6  010 

5-846 

6-682 

8-360 

10-020 

11-690 

13-364 

H 

3-649 

4-486 

6-323 

6-210 

7-098 

8-871 

10-646 

12-421 

14-196 

44 

3-768 

4-697 

6-636 

6-676 

7-516 

9-393 

11-272 

13-161 

16-032 

45 

3-966 

4-968 

6-949 

6-941 

7-932 

9-916 

11-898 

13-881 

15-864 

5 

4176 

6-219 

6-263 

7-306 

8-360 

10-487 

12-526 

14-612 

16-700 

H 

4-384 

6-479 

6-576 

7-671 

8-768 

10-968 

13  162 

16-848 

17 •586 

H 

4-593 

6-741 

6-889 

8087 

9-186 

11-480 

13-778 

16-073 

18-372 

6| 

4-801 

6-001 

7-202 

8-402 

9-602 

12-002 

14-404 

16-804 

19-204 

6 

6  010 

6-262 

7-615 

8-767 

10-020 

12-524 

15030 

17-536 

20-042 

ROUND     BAR     IROl^ .—Weight  in  lbs.  of  a  Lineal  Foot. 


Diameter 

in 

Inches. 

Weight 
inlbfi. 

1 

-040 

i 

•163 

j( 

-363 

i 

-660 

« 

1-006 

f 

1-466 

I 

1-990 

1 

2-690 

^    "^ 

3-800 

1 

4-070 

4-920 

lA 

6-860 

!   Diameter 

in 
!     Inches. 


Weight 
in  lbs. 


1* 

U 

IJ 

2 

2& 

2i 

2^ 

2i 

24 

2J 
3 


6-870 
7-970 
9-160 
10-406 
11-760 
18-106 
14-670 
16-266 
17-926 
19-600 
21-500 
23-406 


Diameter 

in 

Inches. 

Weight 
in  lbs. 

Diameter 

in 

Inches. 

8it 

25-400 

H 

8i 

27 "475 

4} 

88 

29-625 

H 

84 

81-870 

6 

88 

84-175 

5i 

8J 

86-676  ' 

6i 

8i 

89-066 

6S 

4 

41-620 

54 

^h 

44-260  1 

6t 

4J 

46-990  ! 

6| 

1        41 

49-790  I 

61 

'        4\ 

62-675  ' 

6          1 

Weight 
in  lbs. 


66-640 
68-688 
61-820 
65-040 
68-880 
71-700 
76-160 
78-700 
82-800 
86006 
89-800 
93-660 
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SQUARE   BAR  IRON. 

Weight  in  lbs.  of  a  Lineal  Foot, 


Side  in 

Weight  in 

Side  in 

Weight  in 

Side  in 

Weiffht  in 

Side  in 

Weight  in 

Inohes. 

iSs. 

Inches. 

IBs. 

Inches. 

Inches. 

1 

•052    1 

U 

8-82 

'        3* 

32-72 

71-60 

•208 

If 

10-28 

1        8i 

35-28 

4| 

75-36 

•469 

li 

11-74 

1       8} 

38-16 

4} 

79-64 

•8d2 

2 

13-36 

!       Si 

40-92 

5 

83-44 

1-304    1 

2i 

15-08 

1        8} 

44-01 

!        5; 

87-90 

1-876    1 

2i 

16-91 

8| 

46-96 

.        6* 

92-40 

2-567 

21 

18-84 

1        8} 

50-38 

52 

%-67 

8-340 

2i 

20-86 

1        4 

53-44 

1        H 

101-04 

4-227 

2S 

23-10 

^1 

66-97 

5» 

106-87 

6-216 

4 

26-25 

4^ 

60-32 

6f 

110-80 

6-314 

2i 

27-70 

^> 

64-08 

.        5J 

115-48 

7-504 

3 

80-02 

I        4i 

i 

67-64 

6 

120-08 

SHEET  IRON    AND   STEEL. 

Weight  of  a  Superficial  Foot  in  Pounds  aiid  FractionA,  tvith  Corre- 
ifjmnding  Number  and  Thickness  of  Birmingliam  Wire  Gauge. 


Thickness 

Weight  per 
SqoareFoot 

Thickness 

Weight  per 

No.  of 

in  Parts  of  an 

No.  of 

in  Parts  of  an 

Square  Foot  in 

Birmingham 

Inch. 

in  lbs. 

Birmingham 

Inch. 

lbs. 

Wire  Gauge. 

Board  of  Trade 

Wire  Gauge. 

Board  of  Trade 

Standard. 

Iron.     Steel. 

Standard. 

Iron. 
164 

Steel. 

1 

•300 

12-0012-240 

19 

•041 

1-673 

2 

•284 

H-36|ll-587 

20 

-035 

1-40  i     1-428 

3 

•260 

10-40|10-608 

21 

•062 

1-28  1     1-806 

4 

•238 

9-621  9^710 

22 

•028 

1^12  1     1-142 

6 

•220 

8-80 

8-976 

!         23 

•026 

1^00  1     1^020 

6 

-203 

8-12 

8-282 

24 

•022 

©•88       0-898 

7 

-180 

7^20 

7-344 

'         26 

•020 

0-80       0-816 

8 

-166 

^•60  6-732 

26 

-018 

0-72       0-784 

9 

-148 

6^92 

6-038 

!         27 

•016 

0-64       0663 

10 

•136 

6^40 

5-508 

1         28 

•014 

0-56       0-671 

11 

-120 

4-80 

4-896 

1         29 

-013 

0-62       0-530 

12 

-109 

4-36 

4-447 

80 

•012 

0-48       0-490 

13 

-096 

3-80;  3-876 

31 

-010 

0-40       0-403 

14 

•088 

3-32   3-886 

82 

-009 

0-36       0-367 

15 

•072 

2-88   2-938 

1          83 

•008 

0-32  ,    0-326 

16 

-065 

2-60  2652 

1          84 

-007 

028       0-280 

17 

-058 

i-32,  2-366 

1          36 

•006 

0-20 

0240 

18 

•oco 

2-00 

'  2-040 

1 

'          36 

•004 

0-16 

0-103 

At  a  Special  Meeting  of  the  Iron  Trade,  held  on  February  2S, 
1896,  it  was  resolved  that  the  Standard  of  Measurement  for  Iron  of 
all  descriptions  shall  in  future  be  the  Birmingham  Gauge.     It  was 
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farther  decided  that  the  annexed  table  of  decimal  equivalents  be 
adopted  as  oorresponding  with  the  number  on  the  Gauge. 


Prao- 

Decimal 

Prac- 

Decimal 

No.  B.  G. 

tionsof 

Bqaivarnts 

No.  B.  O. 

tioniof   Equivarots 

an  Inch,  of  an  Inch. 

an  Inch,  of  an  Inch. 

000 

i             -6 

14 

0785 

00 

4452 

15 

0699 

0 

3964 

16 

A      - 

0625 

1 

3682 

17 

0556 

2 

3147 

18 

0495 

8 

2804 

19 

044 

4 

25 

20 

0392 

1          5 

I 

2225 

21 

0849 

6 

' 

1981 

22 

iti 

03126      1 

r                 7 

•1764 

23 

0278 

8 

••    1 

157 

24 

0247 

9 

1 

1398 

25 

022 

Sheets  >^ 

10 

125 

26 

0196 

1        11 

1 

1118 

27 

0174        ! 

'        12 

0991 

28 

■h    ; 

015625     i 

\l        13 

..       '       -0882    1 

29 

0189 

1 

1 

80 

0123 

Sheets. 


STEEL. 

Weight  of  One  Foot  of  Round  Steel. 


Diameter  in 
Inches. 


i       i 


i     lis 


1    li 


U    If 


11 


11    If 


11 


Weight  per 
Foot  in  Ihs. 


167-373 


669 1-04  1-05 

I     i 


2-05  2-67  3-88  4 

I 


•185-06 

1 


6-027-07  8-2 


9-41 


U-71 


WEIGHT  IN  POUNDS    OF   A  SUPERFICIAL  FOOT 
OF    IRON,    COPPER,    AND    BRASS. 


Thickness  by 
the  Birming- 

Iron. 

Copper. 

Brass. 

Thickness  by 
the  Birming- 

Iron. 

Copper. 

Br^ 

ham  Wire 

bam  Wire 

Gauge. 

lbs. 

lbs. 

lbs. 

Gauge. 

lbs. 

lbs. 

Iba. 

1 

12-60 

14-50 

13-75 

16 

2-50 

2^90 

2-75 

2 

12-00 

13-90 

13-20 

17 

2-18 

2-52 

2-40 

3 

1100 

12-75 

12  10 

18 

1-86 

2- 16 

2-04 

4 

10-00 

11-60 

1100 

19 

1-70 

1-97 

1-87 

5 

8-74 

10- 10 

9-61 

20 

1-64 

1-78 

1-69 

6 

8- 12 

9-40 

8-93 

21 

1-40 

1-62 

1-54 

7 

7-50 

8-70 

8-25 

22 

1-25 

1-46 

1-37 

•     8 

6-86 

7-90 

7-54 

23 

1-12 

1-30 

1-28 

9 

6-24 

7-20 

6-86 

24 

1-00 

116 

1-10 

10 

5-62 

6-50 

6-18 

25 

-90 

1-04 

•99 

11 

600 

5-80 

6-50 

26 

•80 

•92 

•88 

12 

4-38 

5-08 

4«81 

27 

•72 

•83 

•79 

13 

3-75 

4-34 

4-12 

28 

•64 

■74 

•70 

14 

3-12 

3-60 

3-43 

29 

•56 

•64 

•61 

15 

2-82 

8-27 

310 

80 

•50 

•68 

•66 

1 
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WEIGHT    OF    A    SUPERFICIAL    FOOT    OF 
VARIOUS    METALS. 


Thickness 
In  Inches. 

Wrought 
Iron. 

Cast 
Iron. 

Steel. 

Copper. 

Brass. 

Iiead. 

Zino. 

Thickness 
in  Inches. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

1.16th. 

2-526 

2*844 

2-662 

2-891 

2-374 

3-708 

2-344 

1.16th. 

1.8th. 

6052 

4-687 

6*104 

6-781 

5-469 

7-417 

4-687 

1.8th. 

8.16thB. 

7-678 

7-031 

7-666 

8-672 

8-203 

11-126 

7-031 

3.16th8. 

l-4th. 

10- 104 

9-376 

10-208 

11-668 

10-938 

14-883 

9-876 

1.4th. 

6-16th8. 

12-680 

11-719 

12-760 

14-468 

31-672 

18-542 

11-719 

6.16th8. 

8^th8. 

16  166 

.14062 

16-812 

17-844 

16-406 

22-260 

14-062 

3-8th8. 

7.16th8. 

17-682 

16-406 

17-866 

20-284 

19-141 

26-968 

16-406 

7.16th8. 

Ihalf. 

20-208 

18-760 

20-417 

28-126 

21-876 

29-667 

18-760 

l-half. 

9.16thB. 

22-784 

21  094 

22-969 

26-016 

24-609 

33-376 

21-094 

9.16th8. 

6.8th8. 

25-260 

28-437 

26*621 

28-906 

27-844 

87-083 

28-487 

6.8th8. 

Il-16th8. 

27-786 

26-718 

28-073 

31-797 

80-078 

40-792 

25-781 

ll-16thi. 

8.4th8. 

80-dl2 

28-126 

80-626 

34-688 

82-818 

44-600 

28-125 

3.4thB. 

18-16th8. 

82-889 

80-469 

88-177 

87-678 

86-547 

48-208 

80-469 

13.16th8. 

7-8th8. 

OQ-OOD 

83-812 

85-729 

40-469 

88-281 

61-917 

82-812 

7.8th8. 

15-16th8. 

37-891 

86-166 

88-281 

43-369 

41-016 

56-626 

86-166 

16.16th8. 

liDOh 

40-417 

87-600 

40-888 

46-260 

48-760 

59-388 

37-600 

1  inch. 

WEIGHT  IN  PARTS  OF  A  POUND  OF  A  SPHERE 
I    IN.    DIAM.  OF  VARIOUS   METALS. 


?2S!  '»~-- 

Copper 
Hammered. 

Iron 
Oasl. 

Iron 
Wrought. 

Steel. 

Lead. 

1 
Tin.       Zinc. 

1 

•166    >      159 

•167               -135 

•146 

•147         -214 

-189    ]     -188 

HOOP   IRON. 

Weight  of  10  Lineal  Feet. 

Width  in  Inches 
and  Parts. 

A 

B 

i 

1 

1 

U 

U 

11 

U 

U 

2 

2i 

2i 

2} 

3 

No.  of  Gauge    . 

Weight  in  lbs.  & 
Decimal  Parts. 

21 
•686 

20 

•886 

19 
1-24 

18 
160 

17 
206 

16 
2-73 

15 
3-40 

1 
3^ 

6 
72 

14 

4-72 

18 

606 

13 
6-88 

12 
B-96 

11 
10-85 

11 

11-84 

2    G 
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TAPER  ANGLE    IRON,   OF   EQUAL    SIDES. 


Length  of  Sides  in 
Inohefl. 

Thioknessof 
Edges. 

Thickness  of 
Root. 

Weight  of  One  Lineal 
Foot  in  lbs.  and 
Decimal  Parts. 

4 

iin. 

Jin. 

14  0 

3 

I 

1 

10-376 

2} 

A 

A 

8-26 

2i 

1  . 

i 

6-6 

2i 

A  full 

A 

60 

2 

i  full 

Afnll 

8-876 

If 

i 

tV 

3-26 

li 

ibare 

A  bare 

2-626 

TAPER    T-IRON, 


Width  of 

Total  Depth 
in  Inches. 

Thickness  of 

Thickness  of 

Uniform 

Weight  of  One 

Top  Table  in 
Inches. 

Top  Table  at 
Root. 

Top  Table  at 
Edges. 

Thickness  of 
Rib. 

Lineal  Foot 
in  lbs. 

8 

3i 

iin. 

Rin. 

A  in. 

80 

3 

2» 

A 

f 

h 

80 

2 

3 

A 

A 

A 

6-25 

2i 

2i 

« 

i 

Mnll 

6-6 

2 

U 

1 

A 

1 

3-6 

2 

U 

A 

* 

i 

2-876 

WEIGHT  OF   CORRUGATED  IRON    ROOFING. 

B.W.  Oauge. 

Sixe  of  Sheets. 

Per  Square. 

Super.  Feet 
per  ton. 

16 

18 

20 

22 

24       '.. 

26 

6  feet    X    2feetto8feet 
6    „       X    2    „        8    „ 
6    „       X    2     „        8    „ 
6    „       X    2    „        7    „ 
6    „       X    2    „        7    „ 
6    „       X    2    „        7    „ 

X     3  feet 
X    3    „ 
X     3    „ 
X     2J  „ 

X     2i  „ 
X     2i  „ 

X     Sk  owt. 
X     -2*    „ 
X     1|     „ 
X     l-i     „ 
X     li     „ 

X      1        „ 

.      800 
.     1000 
.     1250 
.     1650 
.     1880 
.     2170 

WEIGHT  IN   POUNDS   OF   NUTS  AND   BOLT- 
HEADS. 


Diameter  of  Bolt  in 
Inches. 


k 


1      li 


li 


12 


2i 


Weight   of    Hexagon  -017 
K  ^  and  Head. 


Weight  of  Square  Nut 
and  Head. 


021 


•057 
070 


128 

164 


267j-430 


821, -558 


7801-102-14 


1-31 


3-77 


6-62 


2-56 


4-427'00 


8-75 
10-60 


228 


086 


1 
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WHITWORTH'S  SCREWS   WITH  ANGULAR 
THREADS. 


Diameterln 
Inches. 

Nomber  of 

Threads  per 

Inoh. 

Diameter  in 
Inches. 

Momber  of 

Threads  per 

Inch. 

Diameter  in 
Inches. 

Nomber  of 

Threads  per 

Inch. 

k 

40 

IS 

6 

8 

H 

A 

24 

14 

6 

8i 

3i 

i 

20 

U 

5 

Si 

8i 

^ 

18 

If 

6 

81 

8 

I 

16 

1} 

4i 

4 

3 

A 

14 

2 

4i 

4: 

31 

i 

12 

2* 

4J 

4i 

2i 

t 

11 

2i 

4 

4| 

2} 

f 

10 

21 

4 

6 

2f 

I 

9 

2i 

4 

5i 

2t 

1 

8 

21 

4 

6i 

2t 

n 

7 

2| 

3J 

6| 

24 

u 

7 

1 

2i 

3J 

' 

2i 

Angle  of  threads  55^  in  every  instance. 

The  threads  do  not  intersect  at  their  sides,  but  are  rounded  off 
one-sixth  both  at  top  and  bottom,  making  their  depth  equal  to  two- 
thirds  of  the  pitch. 

The  number  of  threads  to  the  inoh  in  square-threaded  screws  is 
generally  half  the  number  of  those  in  angular-threaded  screws,  and 
the  depth  equal  to  the  space  between  the  threads. 


WEIGHT  OF  CHAINS. 


Diameter  of 
Link 

Weightier 
Lineal  Foot 

Diameter  of 
Link 

Weightper 
Lineal  root 

Diameter  of 
Link 

Weight_per 
Lineal  Foot 

in  inches. 

in  lbs. 

in  inches. 

in  lbs. 

in  inches. 

in  lbs. 

A 

•38 

} 

6-88 

lA 

16-00 

i 

•63 

if 

6- 16 

1} 

17-66 

■A 

•91 

1 

7^16 

ItV 

19-25 

1 

1-88 

H 

816 

n 

2083 

i^ 

1-60 

1 

9-88 

ii 

24-17 

i 

2-88 

ItS 

10-60 

ii 

28-38 

^ 

3-00 

n 

11-88 

li 

82-50 

S 

8-67 

lA 

1816 

2 

88-83 

H 

4-50 

u 

14-50 

To  FUid  the  Safe  Load  on  Chaim. 

(Diam.  of  link  in  eighths  ofaninch)^_     f  1  jul  *    tn 
V"  8  —  sa  e  o 

(8  X  weight  to  be  raised)  =  diam.  of  link  in  eighths  of  an  inch. 

2o2 


r 
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WEIGHT    AND    STRENGTH    OF    ROUND 
OF   HEMP  AND  WIRE. 


ROPES 


Hemp. 

Iron  Wire. 

Steel  Wire. 

Girth  or 

Weight  per 

Breaking 

Girth  or 

Weight  per 

1 
Breaking 

Girth  or 

Weight  per' Break's 

Giroom- 

Fathom 

Weight 

Cironm- 

Fathom 

Weight 

Oironm- 

Fathom 

Weight 

(erence 

of  Six  Feet 

in 

ference 

of  Six  Feet 

in       1 

ferenoe 

of  Six  Feet 

i? 

in  Inches 

in  lbs. 

Ton*. 

in  Inches 

inlbe. 

Tons.    1 

in  Inches 

in  lbs. 

Tons. 

1 

•16 

i 

} 

•56 

1 

1 

1 

24 

; 

■26 

I 

1 

1 

14    1 

U 

u 

81 

n 

•69 

4 

14 

14 

8i    1 

1| 

14 

4« 

2 

1-04 

U 

IS 

2 

4      i 

14 

1| 

54 

2i 

1-70 

H 

24 

44    1 

If 

2 

64 

Sf 

2-00 

14 

IJ 

3 

6i     1 

1« 

2i 

74 

8 

2-84 

n 

2 

84 

6      1 

IJ 

2f 

8| 

8^ 

319 

24 

2i 

4 

61     1 

2 

84 

10 

8| 

3^66 

25 

24 

44 

74    , 

2i 

82 

114 

4 

416 

8i 

2J 

6 

8i    ! 

2i 

44 

124 

n 

5-27 

4 

24 

64 

9i    ! 

8i 

4f 

14 

6 

6-60 

6 

2| 

6 

lOi    1 

24 

54 

154 

H 

7-86 

6 

2J 

64 

lU    1 

2* 

53 

17i 

6 

9-36 

7J 

21 

7 

12i    1 

2} 

64 

19 

6i 

1100 

84 

3 

74 

134    ' 

2i 

61 

m 

7 

12-74 

91 

84 

8 

144    , 

3 

74 

224 

74 

14-63 

lU 

8i 

84 

16      ' 

84 

74 

244 

8 

16-64 

12* 

as 

9 

17 

H 

8 

264 

8i 

18-78 

144 

84 

10 

184    , 

Si 

8 

284 

9 

21  06 

16i 

t      8« 

11 

19f 

84 

10 

804 

9i 

2346 

18 

81 

12 

21      1 

8f 

12 

86 

10 

26  00 

20 

8i 

13 

224 

4 

16 

40 

104 

28-66 

22 

4 

14 

24      1 

11 

8146 

24i 

4i 

15 

27    ; 

114 

84-38 

264 

4f 

16 

28f 

12 

37 -44 

29 

44 
^6^ 

1ft 
20 
26 
82 
88 

804    1 
82      , 

38      ' 
464    1 
64 

To  find  the  Breakimj  Weight  of  Round  Ropes  of  Hemp,  Iron  Wire 
and  Steel  Wire, 

Hemp  (2i£?H'?Lj5!i)l  =  breaking  weight  in  tons. 

5 
Iron  wire  (circum.  ins.)*  X  1*5  =  breaking  weight  in  tons. 
Steel  wire  (circum.  ins.)*  x  2'6  =  breaking  weight  in  tons. 
Factor  of  safety  for  hemp,  iron,  and  steel  ropes  =  ^. 

To  find  the  Weight  of  Hemp  Ropes. 

(Circum.  ins.)^  x  26  =  weight  in  lbs.  per  fathom. 
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ALLOYS    OF   METALS. 

Yellow  brass,  2  parts  copper,  1  zinc. 

Boiled  brass,  82  parts  copper,  10  zinc,  1*5  tin. 

Brass  casting,  common,  25  parts  copper,  2  zinc,  4-5  tin. 

Gun  metal,  8  parts  copper,  1  tin. 

Copper  Flanges  for  pipes,  9  parts  copper,  1  zinc,  0*26  tin. 

Bell  metal,  8  parts  copper,  1  tin. 

IRON   TO   RESIST  THE    ACTION   OF  FIRE. 

The  following  mixture  of  iron  is  recommended  for  fire  bars,  furnace 
plates,  gas  retorts  (iron)  and  any  other  ironwork  required  to  resist 
the  action  of  fire : — 

80  per  cent.  Bidsdale. 
20  per  cent.  Siemens  Steel  Scrap. 
This  is  said  to  make  a  kind  of  pyrostatic  iron,  the  high  fusion  point 
being   due  to   the    small    percentage    6f   carbon    present    in   the 
mixture. 

TABLE 
Of  tJie  Velocity  and  Force  of  the  Wind. 


Miles  per  Hour. 

Feet  per  SeooncL 

Pressore  in  lbs.  per 
Sqoftre  Foot. 

1 

1-47 

•005 

2 

2-98 

-0201 
-044 

8 

4-4 

4 

6-87 

•079) 
•128f 

5 

7-88 

10 

14-67 

•492) 
1107 

16 

220 

20 

29-84 

1-968) 

25 

86-67 

3076) 

80 

4401 

4-429) 

35 

51-84 

6-027J 

40 

58-68 

7-878) 
9-996 f 

46 

6601 

50 

78-86 

12-800 

60 

88-02 

17-718) 
24-158; 

70 

102-71 

80 

117-86 

81-490. 
49-200f 

100 

146-7 

Description. 


Hardly  perceptible. 
Jast  perceptible. 

Qentle  breeze. 

Pleasant  breeze. 

Brisk  gale. 

High  wind. 

Very  high  wind. 
Storm  or  tempest. 
Great  storm. 

Hurricane. 


The  pressure  or  force  of  the  wind  is  as  the  square  of  its  velocity. 

The  square  of  the  velocity  of  the  wind  in  feet  per  second  x  '002288 
=  pressure  in  lbs.  per  square  foot. 

The  wind  pressure  upon  a  cylindrical  surface  is  one-half,  and  on  a 
^herical  surface  one-fourth  that  which  is  exerted  on  a  flat  surface. 
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SPECIFIC  GRAVITY  AND  WEIGHT  OP  VARIOUS 
SUBSTANCES. 


Speoiflo 
Grsyity 

and 
Weight 

per 
Cb.Ft.ln 
Oanoes. 


Name  of  Substanoe. 


Weight 

CnELFoot 
in  lbs. 

AToixda- 
pols. 


Name  of  Subitance. 


Specific 
Grayity 

and 
Weight 

Cb.^in 
Ounces. 


Weight 

Cao^Foot 

in  lbs. 

Avoirda- 

pois. 


Alcohol,  pure 
Aah  (timber) 
Asphalt,  prepared 
Basalt    ., 
Bath  stone 
Beech     . 
Birch      . 
Bitumen 
Boxwood 
Brass,  cast 
„     wire 
Brick 
Brickwork 
Cement,  Portland 

„       Boman 
Chalk     .     .     . 
Gharooal,  Oak. 
Clay       .     .     . 
Clay  puddle 
CotH,  anthracite,  solid 
„     bituminons 
„     oannel,  Scotch 
„       Wigan 
„         „       Ncastle 
„     stored  in  osnal 
way  .... 
Coke      from 
ovens   .     . 
„      from   gas-works  ) 
slaked  .     .     .  j 
„      from    gas-works  \ 
unslaked   .     .  ) 

Concrete 

Copper,  cast    .... 
„       sheet  and  wire  . 

Cork 

Earth,  loam     .... 
Ebony   .     . 

Elm 

Fir,  red  pine  and  spruce 
„   American.     . 
„    larch  .     .     . 
Fire-Clay,  natural 

„  burned  in  blocks 
Flag,  Yorkshire 
Flint  .  .  . 
Freestone  .  . 
Glass,  crown  . 
.,  pUte 
flint. 


coking  ] 


790 

752 

2,496 

2.992 

1,792 

688 

704 

992 

960 

8,240 

8,480 

2,080 

1,792 

1,424 

960 


1,920 
2,660 
1,280 
1,200 
1,248 
1,280 
1,812 

832 
800 
515 

448 

1,920 

8,640 

8,800 

240 

1,600 

1,200 

560 

560 

464 

544 

2,400 

2,080 

2,288 

2,624 

2,240 

2,496 

2,880 

2,992 


4988 

47 

156 

187 

112 

48 

44 

62 

60 

515 

580 

130 

112 

89 

60 

148 

21 

120 

160 

80 

75 

78 

80 

82 

52 
50 
32-2 

28 

120 

540 

550 

15 

100 

75 

85 

85 

29 

34 

150 

130 

143 

164 

140 

156 

180 

187 


Gold,  pure 

„  standard 
Granite  . 
Gravel .  . 
Grindstone 
Gun  metal 
Gypsum  . 
Ice  .  .  . 
Iron,  oast . 
Iron,  wrought 

,    white 
Limestone,  lias 

„         magnesian 
Lime,  quick  .     .     . 
Mahogany,  Honduras 

„  Spanish 

Maple  ..... 
Marble      .... 

Marl 

Masonry  .... 
Mercury  .... 
Mortar       .... 

Mud 

Naphtha   .... 

Oak,  English .     .     . 

„    American,  red. 

Oil,  linseed     .     .     . 

oliye  .... 

whale  (train) 

sperm      .     .     . 

tallow     .     .     . 

colza  .... 

Paving 

Peat 

Pebblestone  .     .     .     , 
Petroleum      ... 

Pitch 

Platinum,  pure  .     .     . 

„        hammered  , 

„        wire  .     . 
Portland  stone    .     .     . 
Quartz      .     .     .     .     . 
Sand,  damp   .     .     .     . 
.1     dry       .     .     .     . 

Sandstone 

Shale 

Shingle 

Silver,  pure    .     .     .     . 
„      standard       .     . 


19,360 

17,728 

2,688 

1,840 

2,096 

8,784 

2,804 

906 

7,168 

7,680 

11,392 

8,168 

2,496 

2,848 

864 

640 

720 

784 

2,720 

1,728 

2,240 

18,584 

1,760 

1,600 

848 

800 

864 

944 

912 

928 

880 

896 

912 

2,566 

1,280 

2,704 

880 

1,152 

19,520 

20,480 

20,800 

2,096 

2,640 

1,888 

1,440 


2,692 
1,620  I 
10,480  I 
10,528 


1,210 

1,108 

168 

115 

131 

549 

144 

56-75 

448 

480 

712 

198 

156 

178 

54 

40 

45 

49 

170 

108 

140 

849 

110 

100 

58 

50 

54 

59 

57 

58 

55 

66 

67 

160 

80 

169 

55 

72 

1,220 

1,280 

1,300 

131 

165 

118 

90 

158 

162 

95 

656 

658 
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SPECIFIC  GRAVITY  AND  WEIGHT  OF  VARIOUS 

SUB3TANCKS— Continued. 


Name  of  Substance. 


8p.  Gr. 

and 
Weight 

per 
Ob.  Ft.  in 
Otrnces. 


Weight 

Cab^oot 

in  lbs. 

Avoirda* 

pois. 


Name  of  Substance. 


Sp.  Gr. 

and 
Weight 

per 
Ob.  Ft.  in 
Ounces. 


Weight 

Cub^Foot 
in  lbs. 

Avoirdu- 
pois. 


Slate  . 
Snow 
Steel).  . 
Solphnr 
Sycunore 
Tmr  .  . 
TUe  .  . 
Tin   .     . 


2,880 

128 
7,840 
2,000 

692 

1,040 

1,792 

7,860 

Mean  of  the  whole 


180 

8 

490 

125 

87 

65 

112 

460 


Trap    .     . 
Water,  pure 

Whinstone 
WiUow.  . 
Tew  .  . 
Torkshire  flait 
Zinc  .  . 
earth 


2,720 

1,000 

1,024-8 

2,752 

448 

800 

2,288 

7,040 

6,664 


170 

62-5 

6405 

172 

28 

50 

148 

440 

364 


MISCELLANEOUS    ARTICLES. 


Bale  of  flax  (Russia)      ....       5  to  6  cwt. 

Barrel  bulk 5  cubic  feet. 

Barrel  of  tar 261  gallons. 

Battens Boards  7  inches  wide. 

Bushel  of  coal 80  lbs. 

Bushel  of  coke 45    „ 

Cable's  length 240  yards. 

Cask  of  black  lead 11^  cwt. 

Chaldron  of  coal 25^    ,, 

„  coke 12^  to  16  cwt. 

Cord  of  wood 128  cubic  feet. 

Deals Boards  9  inches  wide. 

Dozen 12  articles. 

Faggot  of  steel 120  lbs. 

Fodder  of  lead 19J  cwt. 

Gross 12  doz. 

Hundred  of  deals 120  in  number. 

I,  nails 120  „ 

Eeel  of  coals 21  tons  4  cwt. 
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Load  of  bricks 500  bricks. 

inch  boards       ....  600  square  feet. 

2-mch  planks    ....  800  square  feet. 

lime 82  bushels. 

new  hay 19  cwt.  82  lbs. 

old  hay 18     „ 

straw 11     „    64   „ 

sand 86  bushels. 

squared  timber       ...     50  cubic  feet. 

unhewn 

tiles 1000  tiles. 

Mat  of  flax  (Dutch) 126  lbs. 

Pig  of  ballast 56   „ 

Planks Boards  12  inches  wide. 

Quire  of  paper 24  sheets. 

Beam  of  paper 20  quires,  or  480  sheets. 

Boll  of  parchment 60  skins. 

Sack  of  coals 224  lbs. 

Score 20  articles. 


Sheet  of  paper  folded  into 
2  leaves  is  termed 
^      »>  >» 

8       >»  >» 

12       „ 

16  ,,  ,y 

18         n  »» 

24       „ 

48  ,,  '  ,, 
Square  of  planking  . 
Thousand  of  nails  . 
Ton  shipping.  . 
Truss  of  old  hay.  . 
„  new  hay  . 
„         straw    • 


folio  size. 
.     4to,  or  quarto. 
.     8vo,  or  octavo. 
.     12mo,  or  duodecimo. 
.     16  mo.  ,, 

•     18  mo.  „ 

.     24  mo.  „ 

.     48  mo.  „ 

.  100  superficial  feet. 
.1200  nails. 

40  cubic  feet. 
.     56  lbs. 

60    „ 

86    „ 
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OFFICE    MEMORANDA. 

Books  Required  in  the  Keeping  of  a  Gas  Company's  Accounts* 

1.  Ledger  (general). 

2.  Cash  Book  (general). 

S.  Oas  Register,  or  Ledger,  sometimes  called  <<The  Gonsnmers' 
Ledger." 

4.  Mill  Register,  or  Ledger. 

This  book  is  devoted  to  the  accounts  of  all  the  largest 
consumers,  such  as  millowners,  and  the  proprietors 
of  other  large  establishments  of  any  kind  where  the 
consumption  of  gas  is  heavy.  They  are  handier  classed 
together  by  themselves,  than  mixed  up  with  smaller 
consumers. 

^.  Removals  Book. 

Li  this  book  is  kept  an  account  of  all  changes  of  residence  that 
have  taken  place  amongst  consumers  during  each  quarter, 
the  substitution  of  meters,  and  the  consumption  of  gas  by 
temporary  consumers,  &c.  It  is  a  most  useful  record, 
and  prevents  confusion  by  interlineations  in  the  regular 
register. 

•6.  Quarterly  Summary. 

The  several  pages  in  the  three  foregoing  books  are  added  up 
and  then  brought  together  here,  quarterly,  in  order  to 
ascertain  the  total  consumption,  amount  due,  &c.  By 
means  of  this  book  it  is  easy  to  compare  the  totals  of  the 
different  quarters  during  a  number  of  years. 

7.  Journal, 

Containing  entries  of  all  goods  sold  from  the  works,  with  the 
exception  of  gas.  Separate  columns  should  be  arranged  for 
"  Fittings,  &c.,*'  **  Residual  Products,"  **  Miscellaneous," 
and  <'  Total."  At  the  end  of  each  quarter  the  separate 
amounts  of  all  accounts  remaining  unpaid  are  transferred 
to  the 
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8.  Arrears  Fittings,  &o.,  Book, 

Which  is  entered  up  at  the  end  of  every  quarter,  and  shows 
the  amount  remaining  due  (arrears  included)  for  Fittings, 
Residual  Products,  and  Miscellaneous. 

9.  Daily  Beceipt  (Gash)  Book, 

In  which  is  entered  the  amount  of  each  separate  payment 
made  to  the  company  on  account  of''  Gas,"  **  Meter-Bents/' 
**  Fittings,  &c./'  **  Residual  Products,"  and  other  miscel- 
laneous items. 

10.  Stock-Taking  Books, 

For  taking  the  quarterly  stock  of  gas  consumed  through  each 
meter.  Two  or  more  are  always  required,  according  to  the 
number  of  consumers.  The  one  used  (we  will  suppose)  on 
Monday  is  left  at  the  office  that  night  to  be  entered  up  into 
the  Register  by  the  clerk  on  the  day  following ;  and  so  on 
alternately. 

11.  Black  Book, 

In  which  a  record  of  all  bad  debts  is  kept. 

12.  Collector's  Book. 

In  some  cases  checks  only  are  used  with  counterfoil. 

13.  Receiving  Book, 

In  which  all  delivery  notes  for  goods  received  by  the  company 
are  copied  daily.  The  regular  invoice,  when  received,  is 
checked  by  this  book. 

14.  Wages  and  Time  Book, 

Containing,  in  separate  columns,  a  daily  account  of  the  number 
of  hours  worked  by  each  man,  the  kind  of  work,  and  the 
place  where  employed,  with  the  amount  due  as  wages  at  the 
end  of  each  week. 

15.  Stores  Book,  A. 

16.  Stores  Book,  B. 

In  the  one  is  kept  a  record  of  goods  sold  out  of  stock,  and  in 
the  other  of  goods  used  out  of  stock  for  repairs  and  extension 
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of  phnt.    The  one  may  be  said  to  relate   to  revenue :  the 
other  chiefly  to  capital. 

17.  Stores  Ledger, 

Into  which  the  entries  in  the  previous  two  books  are  posted  to 
the  credit  of  the  several  accounts  (such  as  ''  Meters,"  '<  Lead 
Pipe,"  "  Wrought-iron  Fittings,*'  &c.)f  an^  the  items  from 
the  several  invoices  are  posted  to  the  debit  of  the  several 
accounts.  At  the  end  of  each  half  year  the  balance  of  each 
account  represents  the  stock  on  hand.  This  latter  is  proved 
to  be  correct  or  otherwise  by  the  result  of  the  actual  stock- 
taking. 

18.  Carbonizing  Book — Daily  and  Weekly  Statements, 

Containing  a  record  of  the  state  of  the  station-meter  taken 
twice  in  the  24  hours  (in  large  works  the  state  of  the  meter 
is  recorded  every  hour) ;  the  quantity  of  coal  and  cannel 
used  daily,  the  production  of  gas  per  ton,  and  the  total  daily 
production  ;  the  number  of  benches  at  work,  stokers,  &c. 
Each  page  serves  for  a  week,  and  is  then  added  up ;  an 
additional  line  is  left  at  the  foot  of  the  page,  on  which  is 
entered,  for  comparison,  the  particulars  of  the  total  of  the 
corresponding  week  of  the  previous  year. 

19.  Public  Lamp  Begister, 

Gives  particulars  of  the  number  of  lamps  lighted  each  night ; 
the  hours  of  lighting  and  extinguishing ;  the  hours  burning 
per  lamp,  the  total  hours  burning  ;  a  column  into  which  the 
number  of  hours,  weekly,  can  be  added,  and  another  for 
remarks. 

20.  Test  Begister, 

For  noting  the  results  of  the  different  tests  of  the  illuminating 
power  and  purity  of  the  gas. 

21.  Shareholders'  Begister  and  Address  Book. 

22.  Seal  Begister  and  Dividend  List. 
28.  Begister  of  Calls. 

24.  Begister  of  Transfers. 
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25.  Transfer  Certificate  Book, 

Containing  certificates  of  the  registration  of  shares,  to  be  torn 
oat,  leaving  counterfoil  behind. 

26.  Invoice  Book, 

With  blank  leaves,  into  which  are  gammed  all  invoices  for 
goods  received. 

27.  Minute  Book. 

A  lettered  index  at  the  beginning  of  this  book  is  handy. 

A  few  other  account-books  of  a  less  important  character  may  be 
useful;  but  the  above  are  indispensable  in  a  well-regulated  gas 
company. 

]>iftco  lint  for  Karhj  Faymeiit  of  (iaH  Bills, 

The  custom  of  allowing  discount  to  consumers  on  gas  bills  paid 
either  during  the  first  month  after  the  expiration  of  a  quarter,  or 
within  a  period  of  21  or  80  days  from  the  date  of  the  delivery  of  the 
account,  is  very  general  amongst  gas  companies. 

The  most  common  allowance  is  at  the  rate  of  10  per  cent,  on  the 
amount  due  for  gas  consumed  (excluding  the  meter-rent),  but  the 
premium  varies  throughout  the  country  from  5  to  20  per  cent. ;  some 
•companies  adopting  a  graduated  scale  of  discounts  according  to  the 
quarterly  consumption. 

The  practice,  wherever  adopted,  has  been  found  highly  beneficial, 
.saving  labour  in  collecting,  and  reducing  the  percentage  of  bad  debts. 


FORMS. 

lleywuiwement  of  Proposed  yew  Issue  tm  the  Transfei'  of  Old  Shares. 

I,  John  Thompson,  of  Tipping  Street,  NewcasUe,  hereby  renounce 

my  right  to  any  of  the  new  Shares  about  to  be  issued  by  the 

*6as  Company,  in  &vour  of  William  Jones,  of  Broad»  Street,  Man- 
chester. 

(Signed)        John  Thompson. 

To  the  Secretary  Jan.  1,  18 — 

of  the Gas  Company. 
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Renunciation  of  Shares  Newly  Allotted. 
I,  John  Wilson,  of  Birmingham,  being  the  holder  [or  proprietor]  of 

Shares  in  the Gas  Company,  do  hereby  renounce  the 

same  to  and  in  favour  of  William  Jackson,  of  Bristol.  And  I,  the  said 
William  Jackson,  hereby  agree  to  accept  and  take  the  said  Shares, 

subject  to  the  conditions  on  which  they  are  allotted.    Dated  this 

day  of ,  One  thousand  eight  hundred  and 

Signed  by    the    said^ 

John  Wilson  in  the[-  John  Wilson. 

presence  of  ^ 

(Here  Witness  signs,) 

Signed    by    the   said) 

William  Ji^ckson  int  William  Jackson. 

the  presence  of 
(Here  Witness  signs.) 

Declaration  for  Loss  of  Sealed  Share  Certificates. 

I, ,  of ,  do  hereby  solemnly  and  sincerely  declare  that 

I  am  possessed  of  and  entitled  to ^in  the  Company, 

,  and  that  the  said are  bond  fide  my  property,  and  that 

they  are  not  pledged  or  assigned  to  any  person  or  persons  whom- 
soever for  money  advanced  thereon,  or  for  any  consideration  whatever. 

And  I  further  declare  that  I  have  made  diligent  search  for  the , 

and  can  nowhere  find  the  same.  And  I  make  this  solemn  declaration 
conscientiously  believing  the  same  to  be  true,  and  by  virtue  of  the 
provisions  of  an  Act  made  and  passed  in  the  5th  and  6th  years  of  the 
reign  of  His  late  Majesty  King  William  the  Fourth,  intituled  ^*  An  Act 
to  repeal  an  Act  of  the  present  Session  of  Parliament,  intituled  *  An 
Act  for  the  more  effectual  abolition  of  Oaths  and  Affirmations  taken 
and  made  in  various  departments  of  the  State,  and  to  substitute 
declarations  in  lieu  thereof,'  aiid  for  the  more  entire  suppression  of 
voluntary  and  extra  judicial  Oaths  and  Affidavits,  and  to  make  other 
provisions  for  the  abolition  of  unnecessary  Oaths." 

Declared  at ,  this day  of ,  One    thousand  eight 

hundred  and ,  before  me. 

[The  above  Declaration  is  to  be  made  before  a  Commissioner  to 
administer  Oaths  in  Chancery  in  England.  Any  person  making  a. 
flEdse  Declaration  is  declared  guilty  of  a  misdemeanour.] 
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hulemnity  for  Loss  of  Share  Certificates  or  Dividend  Warrant. 
Company. 

Whereas ,  in  the  Company  called  the  ,  numbered 

,  being  the  property  of ,  the  undersigned,  h —  by  accident 

been  lost  or  destroyed,  and  the  said  Company  have  consented  to  give 

,  on  being  indemnified  for  so  doing.    Now,  in  consideration  of 

the  said  Company  so  granting  to  me,  the  said ,  a ,  we 

the  undersigned and  do  hereby  severally  and  respec- 
tively undertake  and  agree  to  save  harmless  and  keep  indemnified 
the  Directors  for  the  time  being  of  the  said  Company  of  and  from  all 
losses,  damages,  and  expenses  which  they,  any  or  either  of  them, 
may  sustain,  incur,  or  be  put  unto,  for  or  in  consequence  of  their 

so  granting  such  new ;  and  also  from  and  against  all  claim 

or  claims  to  be  at  any  time  hereafter  made  upon  the  said  Company 

for  or  in  respect  of  the  original by  any  person  or  persons 

whomsoever. 

Dated  this day  of ,  One    thousand   eight   hundred 

and . 

Authority  to  Fay  Dividends, 

Company, 

18— 

Payment  of  Dividends. 

I,  the  undersigned, ,  of ,  being  a  shareholder  of 

and  in  the  undertaking  called  the  Company,   do  hereby 

request  that  all  Dividends  and  Interest  due  to  me  on  the  Stock  or 
Shares  now  registered,  or  that  may  hereafter  be  registered  in  my 

name  may  be  paid   to ,  of ,  until  further  notice, 

whose  receipt  shall  be  a  sufficient  discharge  to  the  Company  for  the 
payment  of  the  same. 

Signature 

Date 
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Certificate  Shoinntj  that  Imome-Ta.v  has  been  DeiUuted, 

This  is  to  certify  that  on  paying  to  John  Brown  the  sum  of  iS45, 
being  the  annoant  of  one  year's  Dividend  (or,  one  half  year's  Dividend, 

as  the  case  may  be)  on  ^ares  (or  Stock)  to  December  81st,  18 ,  I 

deducted  for  Income-Tax  the  sum  of  18s.  9d. 

Pro  the  A B Gas  Company, 

William  Jones, 

Secretary, 

Company,"  doth 


Form  of  Proxy, 


A.B.,  one  of  the  proprietors  of  **  The 

hereby  appoint  CD.,  of ,  to  be  the  proxy  of  the  said  A.B., 

in  his  absence  to  vote  in  his  name  upon  any  matter  relating  to  the 
undertaking  proposed  at  the  meeting  of  the  proprietors  of  the  said 

Company,  to  be  held  on  the day  of next,  in  such  manner 

as  he  the  said  CD.  doth  think  proper.    In  witness  whereof  the  said 
A.B.  hath  hereimto  set  his  hand    [or,   if  a  corporation,  say,  the 

common  seal  of  the  corporation] ,  the day  of ,  One  thousand 

eight  hundred  and . 


TERMS    FOR    LEASES,    ETC. 

Ewjlaml  and  Ireland,  Scotland. 


liady  Day  . 
Midsummer 
Michaelmas 
Christmas  . 


March  25th. 
June  24th. 
Sept.  29th. 
Dec.  25th. 


Candlemas 
Whitsunday 
Lammas    . 
Martinmas 


Feb.  2nd. 
May  15th. 
August  1st. 
Nov.  11th. 


When  a  Scottish*term  falls  on  Sunday,  the  Monday  following  is 
considered  term  day. 

LAW  TERMS, 

FMfjlaml  and  Ireland, 


Hilary  or  Lent  . 

.     Begins,  Jan.  11th.     . 

Ends,  Jan.  dlst. 

Easter     .     .     . 

April  16th.    . 

„      May  8th. 

Trinity    .     .      . 

May  22nd.     . 

„      June  12th 

Michaelmas  .     . 

„        Nov.  2nd..     . 

„      Nov.  25th. 
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Scotland. 

Candlemas    .     .     .     Begins,  Jan.  15th.     .     Ends,  Feb.  drd. 

Whitsunday.      .      .         „        May  12th.      .         „      June  2nd. 

Lammas.     ...         „        June  17th.              „      JMy  6th. 

Martmmas   ...         „        Nov.  24th.     .         ,,      Dec.  20th. 

SIZES    OF    DRAWING    PAPER. 

Ft.  In.        Ft.  In.                                             Ft.  In.        Ft.  In. 

Antiquarian .     .44x27 

Double  Crown    .86x18 

„         extra  4    8x84 

Imperial.     .      .     2    6   x   1  10 

Double  Elephant  8    4x28 

Super  Royal      .28x17 

Atlas .     .     .     .  2  10  X  2    2 

Royal      ...     2    0  X   1     7 

Columbia      .     .  2  10  x   1  11 

Medium  .     .     .     1  10  x   1    p 

Elephant      .     .  2    8Jx   1  lOJ 

Demy      ...18x18 

TABLE    OF    COLOURS. 

Used  in  Mechanical  and  Architectural  Drawinif, 
Work.  Colour. 

Brickwork  in  plan  or  section     .  Carmine  or  crimson  lake. 

Brickwork  in  elevation  .     .     .  Venetian  red  or  crimson  lake  mixed 

with  burnt  sienna. 
Brickwork  to  be  removed  by  al- 
terations       Burnt  umber. 

Concrete  works    .     ,  .     .  Sepia  with  darker  markings. 

Clay Burnt  umber. 

Earth Burnt  umber. 

Flintwork Prussian  blue. 

Granite Purple  madder  or  pale  Indian  ink. 

Stone  generally Yellow  ochre  or  pale  sepia. 

Slate Indigo  and  lake  or  Prussian  blue. 

English  timber  (oak  excepted;   .  Raw  sienna. 

Oak Burnt  sienna  or  Vandyke  brown. 

Fir  and  other  light  timber    .     .  Indian  yellow  or  raw  sienna. 

Mahogany Indian  red. 

Cast  iron Payne's  grey  or  neutral  tint. 

Wrought  iron Prussian  blue. 

Steel,  bright Indigo  with  a  little  lake. 

Brass Gamboge  or  Roman  ochre. 

Gun  metal Dark  cadmium. 

Lead Pale  Indian-ink,  tinged  with  indigo. 

Meadow  land Hooker's  green. 

Sky  effects Cobalt  blue. 
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The  presenoe  of  any  slight  greasinesa,  preyenting  the  laying  on  of 
the  colours  evenly,  may  be  counteracted  in  its  efEdots  by  dissolYing  a 
little  prepared  ox-gall  in  tiie  water  with  which  the  colours  are  mixed. 
The  brush  should  always  be  used  in  mixing  colours ;  the  latter  being 
rubbed  in  separate  divisions  of  the  slab. 

EPITOME    OP    MENSURATION. 

Of  ths  Circle^  Cylinder,  and  SpJiere. 

The  areas  of  circles  are  to  each  other  as  the  squares  of  their 
diameters. 

The  diameter  of  a  circle  being  1,  its  circumference  equals  8*1416. 

The  diameter  of  a  circle  multiplied  by  8*1416  equals  its  circum- 
ference. 

The  diameter  of  a  circle  is  equal  to  -81881  of  its  circumference. 

The  square  of  the  diameter  of  a  circle  being  1,  its  area  equals 
-7864. 

The  diameter  of  a  circle  squared  and  multiplied  by  *7854  equals  its 
«rea. 

The  internal  circumference  of  a  cylinder  multiplied  by  its  length  or 
lieight  equals  its  concave  surfeMe. 

The  area  of  the  end  of  a  cylinder  multiplied  by  its  length  equals  its 
«olid  contents. 

The  area  of  the  internal  diameter  of  a  cylinder  multiplied  by  its 
depfch  equals  its  cubical  capacity. 

The  square  of  the  diameter  of  a  sphere  multiplied  by  8*1416  equals 
its  convex  surfisM^e. 

The  cube  of  the  diameter  of  a  sphere  multiplied  by  *5286  equals  its 
solid  contents. 

The  capacity  of  a  cylinder  1  foot  in  diameter  and  1  foot  in  length 
•equals  4*895  imperial  gallons. 

The  capacity  of  a  cylinder  1  inch  in  diameter  and  1  foot  in  length 
equals  *0d4  of  an  imperial  gallon. 

The  capacity  of  a  cylinder  1  inch  in  diameter  and  1  inch  in  length 
equals  '002882  of  an  imperial  gallon.    Hence — 

The  capacity  of  any  other  cylinder  in  imperial  gallons  is  obtained  by 
multiplying  the  square  of  its  diameter  by  its  length,  and  by  the 
number  of  imperial  gallons  contained  in  the  unity  of  its  measurement. 

The  capacity  of  a  sphere  1  foot  in  diameter  equals  8*268  imperial 
.^Uons. 

2h 
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The  capacity  of  a  sphere  1  inch  in  diameter  eqoalB  *001888  of  an 
imperial  gallon.    Henoe*^ 

The  capacity  of  any  other  sphere  in  imperial  gallons  is  obtained  by 
multiplying  the  cube  of  its  diameter  by  the  number  of  imperial 
gallons  contained  in  the  unity  of  its  measurement. 

OJ  tJie  Square,  Eectangle,  and  Cube. 

The  side  of  a  square  equals  the  square  root  of  its  area. 

The  area  of  a  square  equals  the  square  of  one  of  its  sides. 

The  diagonal  of  a  square  equals  the  square  root  of  twice  the  square 
of  its  side. 

The  side  of  a  square  is  equal  to  the  square  root  of  half  the  square^ 
of  its  diagonal. 

The  side  of  a  square  equal  to  the  diagonal  of  a  given  square  contains- 
double  the  area  of  the  given  square. 

The  area  of  a  rectangle  equals  its  length  multiplied  by  its  breadth. 

The  length  of  a  rectangle  equals  the  area  divided  by  the  breadth  ; 
or  the  breadth  equals  the  area  divided  by  the  length. 

The  side  or  end  of  a  rectangle  equals  the  square  root  of  the  sum  of 
the  diagonal  and  opposite  side  to  that  required,  multiplied  by  their 
difference. 

The  diagonal  in  a  rectangle  equals  the  square  root  of  the  sum  of 
the  square  of  the  base  and  perpendicular. 

The  solidity  of  a  cube  equals  the  area  of  one  of  its  sides  multiplied 
by  the  length  or  breadth  of  one  of  its  sides. 

The  length  or  breadth  of  a  side  of  a  cube  equals  the  cube  root  of 
its  solidity. 

The  capacity  of  a  12-inch  cube  equals  6*282  imperial  gallons. 

Of  Triangles  and  Polygons. 

The  sum  of  the  squares  of  the  two  given  sides  of  a  right-angled 
triangle  is  equal  to  the  square  of  the  hypotenuse. 

The  difference  between  the  squares  of  the  hypotenuse  and  given 
side  of  a  right-angled  triangle  is  equal  to  the  square  of  the  required 
side. 

The  area  of  a  triangle  equals  half  the  product  of  the  base  multiplied 
by  the  perpendicular  height. 

The  side  of  any  regular  polygon  multiplied  by  its  apothegm,  or 
perpendicular,  and  by  the  number  of  its  sides,  equals  twice  the  area. 
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Of  ElUpses,  GoTies,  and  Fnutums. 

The  square  root  of  half  the  sum  of  the  squares  of  the  two  diameters 
of  an  ellipse,  multiplied  by  8*1416,  equals  its  circumference. 

The  product  of  the  two  axes  of  an  ellipse,  multiplied  by  *7854» 
equals  its  area. 

The  solidity  of  a  cone  equals  one-third  of  the  product  of  its  base 
multiplied  by  its  altitude  or  height. 

The.  squares  of  the  diameters  of  the  two  ends  of  the  frustum  of  a 
cone  added  to  the  product  of  the  two  diameters,  and  that  sum  multi- 
plied by  its  height  and  by  '2618,  equal  its  solidity. 


Table  of  Common  Fractional  Parts  and  Equivalent  Decimals. 


Ooxmnon 
Fraotioiial 

DeoimalB. 

Oommon 
Fractional 

Deotmals. 

Common 
Fractional 

DeoimaU. 

Pwli. 

Purta. 

Parte. 

1-lOOth 

•01 

9.14th8 

•6428 

7-10th8 

•7 

l-90tb 

•Dili 

11.14th8 

•7867 

9.10th8 

•9 

1.80th 

•0126 

'      18.14th8 

•9286 

l-9th 

•nil 

l-70tb 

•0148 

1        1.18th 

•077 

2.9th8 

'2222 

1.60th 

•0166 

1        2.18th8 

•1638 

4.9th8 

•4444 

1.60th 

•02 

1        8-18th8 

•2307 

6-9th8 

6666 

l'40th 

•026 

4.18th8 

•8076 

7.9th8 

•7777 

l.dOth 

•0388 

!        6.18th8 

•8846 

8.9th8 

'8888 

l-20th 

•06 

6-18th8 

•4616 

1.8th 

•126 

1.19th 

•0526 

7.18th8 

•6884 

8.8th8 

•876 

1.18th 

•0666 

8.18th8 

•6168 

6.8th8 

•626 

l-17th 

•0688 

9.18th8 

•6928 

7.8th8 

•876 

1.16th 

•0625 

lO-ldths 

•76^2 

1.7th 

•148 

d.l6th8 

•1876 

11.18th8 

•8461 

2.7th8 

•2867 

6.16tb8 

•8126 

12-18th8 

•928 

8.7th8 

•4286 

7.16th8 

•4876 

1-mh 

•0688 

4.7th8 

•6714 

0.16ths 

•6626 

6.12th8 

•4166 

6.7thB 

•7142 

11.16th8 

•9876 

7-12th8 

•6888 

6.7th8 

•8671 

18-16th8 

•8126 

ll-12th8 

•9166 

1.6th 

•1666 

16.16th8 

•9876 

1-llth 

•0909 

6.6th8 

•888 

1.16th 

•0666 

2.11th8 

•1818 

1.6th 

■2 

a.l6ths 

•1888 

8.11th8 

•2727 

2.6th8 

•4 

4.15th8 

•2666 

411th8 

•8686 

8.6th8 

•6 

7-16th8 

•4666 

6-llth8 

•4646 

4-6th8 

•8 

8.16th8 

•6888 

6.11thB 

•6464 

1.4th 

•26 

11.16th8 

•7888 

7.11th8 

•6868 

8.4th8 

•76 

18.16tha 

•8666 

8.11th8 

•7272 

1.8rd 

•8883 

i4.16th8 

•9688 

9.11th8 

•8181 

2.8rd8 

•6666 

1.14th 

•0714 

lO-lltht 

•909 

l.half 

•6 

8-14th8 

•2142 

1-lOth 

•1 

1 

1 

4-14th« 

•2867 

1 

'        8.10th8 

•8 

2h2 
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ARITHMETICAL    AND    ALGEBRAICAL    SIGNS. 

==  The  sigo  of  Equality,  and  signifies  equal  to,  as  2  added  to  8  s=  5. 

+  „         Addition              ,,        plus  or  more,  ea    4  +  6  =  10. 

—  „          Subtraction         „        minus  or  less,  as  6  —  4  =  2. 

X  „         Multq>lioation     „        multiplied  6^,  as  5   x  8  =  15. 

4-  „         Division              „        divided  6y,  as       8-7-4  =  2. 

8 
or  J  =  2 

::::,»  Proportion,  :  signifies  is  to,  or  to,  :  :  signifies  so  is. 
Thus,  2  :  8  :  :  4  :  6  signifies  that  as  2  is  to  8  so  is  4 
to  6. 

Evolution,  or  the  Extraction  of  Roots. 

V  The  sign  of  the  Square  Boot  (termed  the  Badical  sign),  as 
V  16  =  4,  i.e.,  the  square  root  of  16  is  equal  to  4. 

4^  „  Cube  Boot,  as  ^  64  =  4,  ue.,  the  oube  root 

of  64  is  equal  to  4. 

^  „  Bi-quadrate,  or  fourth  Boot,  ^  16  =  2. 

Involution,  or  the  raising  of  Powers. 

4'  signifies  to  be  squared,  as  4*  =  16.    The  small  figure  is  termed 

the  Index  or  Exponent. 

4*        „       to  be  cubed,  as  4*  =  64.  

A  vinculum  placed  over  two  or  more  figures,  thus  8  +  5,  signifies 

that  they  are  to  be  taken  as  one  quantity.    Thus : 


8  +  5  X  4  =  82,  signifies  that  8  plus  5  multiplied  by  4  =  82,  and 

V5*  —  8*  =  4,  signifies  that  5  squared,  minus  8  squared,  and  the 
^  square  root  of  the  remainder  =  4,  and 

— Q^ —  =  2,  signifies  that  20  multiplied  by  12,  divided  by  80,  and 
the  cube  root  of  the  quotient  =  2,  and 

^  ^  ^  ^l^  ^  ^  ^  ^=  60,  signifies  that  24  multipUed  by  6,  and  12 

multiplied  by  8,  added  together,  multiplied 

by  4  and  divided  by  12,  the  quotient  =  60. 

[]   0  Brackets;  e.g.   12  -    [8  +  (4  x  2)]    =  1,  signify  that  the 

product  of  4,  multiplied  by  2,  added  to  8,   and  the  total 

subtracted  from  12,  leaves  1. 
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•  *  •  is  used  to  signify  the  word  therefore. 

*  •  *  is  ased  to  signify  the  word  because,  or  since, 

?  is  used  in  the  Chain  Bnle  to  signify  how  many. 

APPROXIMATE    MULTIPLIERS    FOR    FACILI- 
TATING    CALCULATIONS. 

Square  inehes  x  '007  =  square  feet. 
Square  feet  x  '111  =  square  yards. 
Square  yards  x  *  0002067  =  statute  acres. 
Square  yards  x  *  000000828  =  square  miles. 
Statute  acres  x  -0015625  =  square  miles. 
Square  links  x  -4856  =  square  feet. 
Square  feet  x  2*8  =  square  links. 
Square  feet  x  188*846  =  circular  inches. 

Oircular  inches  x  -00456  =  square  feet. 

Links  X  -22  =  yards. 

Links  X  'W  =^  feet. 

Feet  X  1-5  =  links. 

Cubic  inches  x  -00058  =  cubic  feet. 

Cubic  inches  x  -01688  =  litres. 

Cubic  feet  x  -087  =  cubic  yards. 

Cubic  feet  x  2200  =  cylindrical  inches. 

Cylindrical  inches,  x  -0004546  ==  cubic  yards. 

Cylindrical  feet  x  -02909  =  cubic  yards. 

Cubic  feet  x  6*282  =  imperial  gallons. 

Imperial  gallons  x  -1604  =  cubic  feet. 

Cubic  inches  x  -008607  =  imperial  gallons. 

Imperial  gallons  x  277*8  ^  cubic  inches. 

Imperial  gallons  x  4-541  =  litres. 

Cubic  feet  x  -779  =  bushels. 

Cubic  inches  x  -00045  =  bushels. 

Bushels  X  -0476  =  cubic  yards. 

Bushels  X  1-284  =  cubic  feet. 

Bushels  X  2218*2  =  cubic  inches. 

Lineal  feet  x  -00019  =  statute  miles. 

Lineal  yards  x  -0006  =  statute  miles. 

Statute  miles  x  -869  =  mean  geographical  miles. 

Mean  geographical  miles  x  1  *  151  =  statute  miles. 

Pounds  avoirdupois  x  7000  =  grains. 
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Pounds  avoirdupois  x  '82286  =  pounds  troy. 
Pounds  troy  x  1*2158  =  pounds  avoirdupois. 
Grains  x  *  0001429  =  pounds  avoirdupois. 
Pounds  avoirdupois  x  *009  =  owts. 
Pounds  avoirdupois  x  '00045  =  tons. 
Pounds  on  square  inch  x  144  =  pounds  on  square  foot. 
Pounds  on  square  foot  x  '007  =  pounds  on  square  inch. 
Miles  per  hour  x  1-467  =  feet  per  second. 
Feet  per  second  x  '682  =  miles  per  hour. 
Diameter  of  circle  x  8*1416  =  circumference. 
Circumference  of  circle  x  '81881  =  diameter. 
Diameter  of  circle  x  *8862  =  side  of  equal  square. 
Circumference  of  circle  x  *  2821  =  side  of  equal  square. 
Diameter  of  circle  x  '7071  =  side  of  inscribed  square. 
Circumference  of  circle  x  *225l  =  side  of  inscribed  square. 
Area  of  circle    x  '6S66  =  side  of  inscribed  square. 
Side  of  square  x  1  *  128  =  diameter  of  equal  circle. 
Side  of  square  x  8 '645  =  circumference  of  equal  circle. 
Side  of  square  x  1-414  =  diameter  of  circumscribing  circle. 
Side  of  square  x  4*448  =  circumference  of  circumscribing  circle. 
Square  of  diameter  x  -7854  =  area  of  circle. 
Square  root  of  area  x  1  *  12887  =  diameter  of  equal  circle. 
Square  of  diameter  of  sphere  x  8*1416  =  convex  surface. 
Cube  of  diameter  of  sphere  x  *52d6  =  solidity. 
Diameter  of  sphere  x  *806  =  dimensions  of  equal  cube. 
Diameter  of  sphere  x  '6667  =  length  of  equal  cylinder. 
One  atmosphere  =  14'7  pounds  on  square  inch. 
„  =  2116  pounds  on  square  foot. 

„  =  29  *  922  inches  of  mercury. 

„  =  88  *  9  feet  of  water. 

Each  1000  cubic  feet  of  coal  gas  in  a  holder  x  87  =  (approximate) 

weight  of  gas  in  pounds. 
The  atomic  weight  of  an  elementary  gas  x  '0691  =  its  specific 

gravity.* 
Half  the  atomic  weight  of  a  compound  gas  or  vapour  x  -0691  =  its 

specific  gravity. 

*  Ezoeptions  to  this  rule  occur  in  the  case  of  the  vapours  of  phoBphoms  and 
arsenic,  whose  atomic  weights  must  be  doubled,  and  in  those  of  meronry,  sine,  and 
cadminm,  the  atomic  weights  of  which  mast  be  halved. 
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TABLE     OP    DIAMETERS,    CIRCUMFERENCES, 

AND    AREAS    OP     CIRCLES,    AND    SIDES 

OP    EQUAL     SQUARES. 


DiMn. 

i 
i 

I 

I 

II 

I* 

n 

21 
S 

3i 
3i 

4 
4i 

41 

£i 
« 

7 

§ 
!* 

10 

IS 

s» 

Hi 

Hi 

111 

12 

12i 

12* 

12i 

18 

18i 

18J 


GUTOQflft* 

ferenoe. 
•7864 
1-6708 
2-8662 
8- 1416 
8-9270 
4-7124 
6-4978 
6-2882 
70686 
7-8640 
8-6894 
9-4248 
10-210 
10-996 
11-781 
12-666 
18-861 
14187 
14-922 
16-708 
16*498 
17-278 
18064 
18-849 
19-686 
90*420 
21-206 
SI -991 
22*776 
28-662 
24*847 
26*182 
26-918 
^•708 
27*489 
28-274 
29069 
29-846 
80*680 
81*416 
82*201 
82-986 
88-772 
84-667 
86*848 
86*128 
86*918 
87-699 
88*484 
89*270 
40-066 
40*840 
41*626 
42*411 


Area. 

•0490 
-1968 
•4417 
-7864 
1*2271 
1-7671 
2*4062 
8*1416 
8-9760 
4-9087 
6*9896 
7*0686 
8-2967 
9-6211 
11-044 
12-566 
14-186 
15-904 
17-720 
19*686 
21-647 
28-768 
26-967 
28*274 
80-679 
88*188 
85-784 
88-484 
41-282 
44*178 
47178 
60-266 
68*466 
66*746 
60*182 
68*617 
67*200 
70*882 
74*662 
78-640 
82-516 
86-690 
90*762 
95-088 
99-402 
108*869 
108-484 
118097 
117*859 
122*718 
127-676 
182*782 
187*886 
148*189 


Bide  of 

Bqnal 

Bqiutfe. 

•2216 

•4481 

•6646 

•8862 

•1077 

•8298 

•6608 

7724 

•9989 

2*2166 

2*4870 

2-6686 

2*8801 

8-1017 

8-8282 

8-5448 

8-7668 

8-9680 

4-2095 

4-4810 

4*6526 

4*8741 

6-0966 

6-8172 

6*6888 

6*7608 

6-9819 

6*2084 

6*4860 

6*6466 

6*8681 

7*0897 

7-8112 

7*6828 

7*7644 

7-9760 

8-1974 

8*4190 

8*6406 

8-8620 

9*0886 

9*8061 

9*6267 

9*7482 

9*9698 

10*191 

10*418 

10*684 

10*866 

11*077 

11-299 

11*620 

11*742 

11*968 


mtan. 

Cixonm* 
ferenoe. 

Area. 

mdeof 

Equal 

Bqnare. 

U-186 

m 

48197 

148*489 

14 

48-982 

158-988 

12-406 

m 

44-767 

169*486 

12-628 

141 

45*668 

165*180 

12-860 

IH 

46-888 

170-878 

18-071 

16 

47-124 

176-716 

18-296 

162 

47*909 

182*664 

18-614 

16i 

48-694 

188-692 

18*786 

16J 

49-480 

194-828 

18*967 

16 

50*266 

201*062 

14*174 

16i 

61061 

207*894 

14-400 

m 

61-886 

218-826 

14-622 

162 

52-621 

220-868 

14-848 

17 

68-407 

226-980 

16-065 

17i 

64-192 

233-706 

16-286 

17J 

64-978 

240-628 

16*608 

171 

66-768 

247*450 

16*780 

18 

56-648 

254*469 

16-961 

182 

67-884 

261-687 

16*178 

181 

68  119 

268*808 

16-894 

182 

68-906 

276-117 

16-616 

19 

69-690 

288*629 

16*887 

192 

60-476 

291*069 

17*060 

192 

61*261 

298*648 

17*280 

192 

62*046 

806*866 

17-602 

20 

62-882 

814-160 

17*724 

202 

63*617 

822-068 

17*945 

202 

64-402 

330*064  • 

18-167 

202 

66-188 

338*168 

18-888 

21 

66-978 

846-861 

18*610 

212 

66-769 

354*667 

18-881 

212 

67-544 

863  061 

19-053 

211 

68*829 

371*648 

19*274 

22 

69-116 

880-188 

19*496 

222 

69*900 

388*822 

19-718 

m 

70-686 

397-608 

19-939 

222 

71*471 

406*498 

20*161 

28 

72-266 

416*476 

20*882 

282 

78*042 

424-667 

20-604 

282 

78-827 

488*781 

20*825 

282 

74*618 

448*014 

21-047 

24 

76-898 

462*890 

21-268 

242 

76-188 

461*864 

21*490 

242 

76-969 

471-486 

21*712 

242 

77-764 

481*106 

21-938 

25 

78-640 

490-876 

22-165 

262 

79-826 

600*741 

22-876 

252 

80-110 

510-706 

22*698 

252 

80-896 

520-769 

22*819 

26 

81*681 

680*980 

28*041 

262 

82*467 

641-189 

28*262 

262 

83-262 

651*547 

28*484 

262 

84-087 

562- 002 

88*708 

27 

84-828 

572-666 

28*927 
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Uiua, 

Cirooin- 

Ana. 

Bide  of 
Equal 
Sqaare. 

Circam- 
ferenoe. 

Ajm. 

Side  or 
Equal 
Square. 

272 

86-608 

588^808 

24149 

412 

181  161 

1869*00 

86-999 

271 

86-894 

698-968 

24-370 

42 

131-947 

1885*44 

87-220 

27} 

87179 

604-807 

24-592 

42i 

132 -732 

1401-98 

87-442 

38 

87-964 

615-768 

24-818 

42i 

133-518 

1418-62 

87-663 

982 

88-760 

626-798 

26035 

42i 

134-303 

1435-36 

87-885 

^ 

89-686 

687-941 

25-256 

48 

185-068 

1452-20 

88*106 

^ 

90-821 

649-182 

25-478 

432 

136-874 

1469*18 

88-828 

» 

91-106 

660-621 

25-699 

48i 

136-659 

1486-17 

88-54» 

892 

9] -891 

67] -968 

25-921 

432 

187-445 

1508-80 

88*771 

292 

92-677 

688-494 

26-143 

44 

138-230 

1520-58 

88*99a 

891 

98*462 

695-128 

26-364 

442 

139-015 

1587-86 

89-214 

80 

94-848 

706-860 

26-586 

44* 

139-801 

1555*28 

89-436 

802 

96088 

718-690 

26-807 

442 

140-586 

1572-81 

39-657 

8^ 

95-818 

780*618 

27-029 

46 

141-372 

1590*48 

89-87» 

802 

%-604 

742-644 

27-250 

452 

142  167 

1608-16 

40-110 

81 

97-889 

764-769 

27-472 

462 

142-942 

1626-97 

40-828 

812 

98176 

766-992 

27-698 

m 

143-728 

1648-89 

40-543 

812 

98-968 

779-818 

27-916 

46 

144-518 

1661-90 

40*766 

811 

99-746 

791-782 

28-186 

462 

145-299 

1680-01 

40-986 

88 

100-681 

804-249 

28-868 

462 

146-084 

1698-28 

41-20S 

882 

101-816 

816-865 

28-680 

462 

146-809 

1716-64 

41-429 

822 

102-102 

829-578 

28-801 

47 

147-656 

1784-94 

41-651 

m 

102-887 

842-890 

29-028 

472 

148-440 

1768-45 

41 -87a 

88 

108-672 

855-800 

29-244 

472 

149-226 

1772*06 

42-094 

882 

104-468 

868-808 

29-466 

472 

150-011 

1790-76 

42-816 

882 

106-248 

881-416 

29*687 

48 

150-796 

1809-56 

42-587 

882 

106  029 

894*619 

29-909 

482 

151*582 

1828-46 

42-75* 

84 

106-814 

907-922 

80*181 

482 

152-367 

1847-46 

42-980 

842 

107-699 

921828 

80-352 

482 

158-158 

1866-56 

48-208 

i^ 

108-886 

984-822 

80-574 

49 

158-988 

1885-74 

48-428 

109  170 

948-419 

•  80-795 

492 

154-728 

1905-03 

48-646 

86 

104-966 

962-U5 

81  017 

492 

155-509 

1924-42 

48*867 

862 

110-741 

975-908 

31-238 

492 

156-294 

1948-91 

44*088 

862 

111-626 

989-800 

81-460 

60 

157*080 

1968-60 

44-810 

862 

112-812 

1008-79 

81-681 

502 

157-866 

1988-18 

44-581 

86 

118-097 

1017-87 

81-903 

602 

158*650 

8002*96 

44-758 

862 

118-888 

1082-06 

32124 

502 

159-436 

8022-84 

44-974 

862 

114-668 

1046-89 

32-349 

51 

160*221 

2042*82 

45-196 

862 

116*468 

1060-78 

32-567 

512. 

161-007 

8068*90 

45-417 

87 

116-289 

1075-21 

82-789 

512 

161-792 

2088-07 

45*689 

872 

117-024 

1089-79 

88 -on 

512 

162-677 

2103-86 

45*861 

872 

117-810 

1104-46 

88-282 

62 

168-868 

2128-72 

46-062 

871 

118-596 

1119*24 

88*454 

622 

164-148 

2144-19 

46-804 

88 

119-880 

118411 

88-676 

622 

164-934 

8164-76 

46*525 

882 

180-166 

1149-08 

88-897 

522 

165-719 

8185-48 

46-747 

882 

120-961 

1164-16 

84-118 

53 

166*604 

2206*18 

46*968 

883 

121-787 

1179-82 

84-340 

582 

167-290 

2227*06 

47-190 

89 

122-622 

1194-59 

84-561 

682 

168076 

2248*01 

47-411 

892 

123-807 

1209-96 

34-788 

582 

168*861 

2269-06 

47-68* 

892 

124-098 

1225-48 

86-006 

64 

169-646 

2290-28 

47-854 

892 

124-878 

1240-98 

85-226 

542 

170-431 

8811-48 

48*076 

40 

126-664 

1256-04 

86-448 

642 

171-217 

8838-88 

48*898 

402 

126-449 

1272-89 

86-669 

542 

172-002 

2854-28 

48-619 

402 

127*284 

1288-26 

86-891 

55 

172-788 

2875*88 

48-741 

402 

128020 

1804-20 

36-112 

552 

173-578 

2897-48 

48-962 

41 

128-806 

1820-26 

86-384 

552 

174*358 

2419-22 

49-184 

412 

129-691 

1386-40 

86-666 

562 

175-144 

2441-07 

49-405 

414 

180*876 

1862-65 

86-777 

56 

175-929 

2468-01 

49-627 
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Dlain. 

set 

67 

67i 

671 

671 

68 

681 

68i 

58i 

69 


691 

60 

60i 

001 

601 

61 

6U 

61« 

611 

62 

62i 

62« 

621 

68 

«8J 

08i 

681 

64 

641 

641 

641 

66 

661 

661 

661 

66 

m 

66i 

67 

^i 

67J 

67S 

68 

881 

681 

681 

69 

691 

691 

DVz 

70 
701 
701 
70f 


Oiroom- 
ferenoe, 

176-718 
177*600 
178-286 
179-071 
179*866 
180-642 
181-427 
182*212 
182*998 
188*788 
184*569 
185-864 
186*189 
186*925 
187*710 
188-496 
189*281 
190-066 
190-862 
191*687 
192*428 
198*208 
198*998 
194-779 
196*564 
196*860 
197*186 
197*920 
198*706 
199*491 
200-277 
201*062 
201*847 
202*683 
208-418 
204*204 
204-989 
206-774 
206-560 
207*845 
206*181 
206*916 
209*701 
210*487 
211-272 
212-058 
212*848 
218-628 
214*414 
216-199 
216*986 
216*770 
217-556 
218-841 
219*126 
219-912 
220*697 
221*482 
222*268 


Area. 

2485*06 
2507-19 
2529*42 
2561*76 
2574*19 
2596*72 
2619*86 
264208 
2664*91 
2687*88 
2710*86 
2788*97 
2757*19 
2780*51 
2808-92 
2827-44 
286106 
2874*76 
2898*56 
2922*47 
2946*47 
2970*57 
2994-77 
8019*07 
8048-47 
3067-96 
8092-56 
8117-26 
8142*04 
8166-92 
8191*91 
8216-99 
8242-17 
•  8267*46 
3292*88 
8818-81 
8343-88 
8869*56 
8395-38 
8421*20 
8447*16 
8478*28 
8499*39 
8525*66 
8552*01 
8578-47 
8605-08 
8681*68 
8668*44 
8686-29 
8712*24 
8789-28 
8766-48 
8793*67 
8821*02 
8848*46 
8875*99 
8908*68 
8981*86 


Bidaof 
Bqnal 


49*848 
60-070 
50*291 
50-518 
50*786 
50-956 
61*178 
61*899 
61*621 
51-842 
52064 
52*285 
52*607 
52*729 
52*960 
58*172 
58*898 
68*616 
68*886 
54*048 
54*279 
54*501 
54*728 
54*944 
55-166 
66-887 
55*609 
55-880 
56-052 
56-278 
66-495 
56-716 
56*988 
57-169 
57-881 
57-608 
67-824 
58-046 
58-267 
58-489 
58-710 
58*982 
59*154 
59*875 
59*597 
59-818 
60040 
60-261 
60-488 
60*704 
60-926 
61*147 
61-869 
61*691 
61-812 
62*984 
62*256 
62*477 


Dbun. 

71 

711 

711 

711 

72 

721 

721 

72f 

78 

781 

781 

781 

74 

741 

741 

741 

75 

751 

751 

76 

761 

761 

761 

77 

771 

771 

771 

78 

781 

781 

781 

79 

791 

791 

791 

80 

801 

801 

801 

81 

811 

811 

811 

82 

821 

821 


881 

881 

881 

84 

841 

841 

841 

85 

661 

851 


Ofronni" 


928*068 
228*889 
224-624 
226-409 
226*196 
226-980 
227*766 
228*561 
229*886 
280*122 
280-907 
281*698 
282-478 
288*268 
234-049 
284*884 
286*620 
286*406 
287*190 
287*976 
288*761 
289*547 
240-382 
241*117 
241*908 
242*688 
248*474 
244-269 
246*044 
246*880 
246*616 
247*401 
248*186 
248-971 
249*767 
250-643 
251-828 
252*118 
252*898 
258*684 
254*469 
255*256 
266-040 
256-825 
257*611 
258*396 
259*182 
259-967 
260-752 
261*588 
262*328 
268*109 
263*894 
264*679 
265-466 
266*250 
267036 
267-821 
268-606 


Area. 

8969-20 
8987-18 
4016-10 
4048-28 
4071*51 
4099*88 
4128*26 
4156*77 
4185*89 
4214-11 
4242-92 
4271-88 
4800*86 
4829*96 
4869*16 
4888-47 
4417*87 
4447*87 
4476*97 
4606-67 
4686*47 
4566*86 
4596*36 
4626-44 
4666*68 
4686*92 
4717*80 
4747-79 
4778*87 
4809*06 


4870*70 
4901*68 
4982*75 
4968*92 
4996*19 
6026*56 
6058*01 
5089*58 
5121*24 
6158*00 
5184*86 
5216*82 
5248*87 
628102 
6818*27 
5845*62 
5870-07 
5410-62 
5443*26 
5476-00 
5506-84 
5541-78 
5674-81 
5607*96 
5641*18 
5674*61 
5707-94 
6741-47 


Bide  of 
Bqaal 
Square. 
1^-920 
68-141 
68-863 
68*645 
68-806 
64*028 
64*249 
64*471 
64*692 
64-914 
65186 
65*867 
65*578 
65-800 
66022 
66*243 
66*465 
66-686 
66-908 
67129 
67*851 
67-572 
.  67-794 
68-016 
68-287 
68-469 
68-680 
68-902 
69-123 
69*845 
69-566 
69*788 
70*009 
70-231 
70*463 
70*674 
70*896 
71*119 
71-839 
71-562 
71*78-2 
72*005 
72*225 
72*449 
72*668 
72*892 
78*111 
78-836 
73*554 
73-778 
73-997 
74-221 
74*440 
74*664 
74-884 
75*107 
75*827 
76-650 
75-770 
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Diain. 

861 

86 

86i 

86} 

861 

87 

87J 

871 

871 

88 

881 

881 

88i 

89 

89i 

891 

90 

901 

90J 

901 

91 

911 

9U 

911 

92 

921 


981 

981 

94 

941 

94* 

941 

96 

961 

96} 

961 

96 

961 

961 

961 

97 

971 

971 

971 

98 

9o5 
961 
99 


Ciromii* 
ferenoe. 

269*892 
270-177 
270*968 
271*748 
272*688 
278-819 
274*104 
274-890 
276*676 
276*460 
277*246 
278081 
278*817 
279-602 
280-887 
281-178 
281-968 
282*744 
288-629 
284*814 
286-100 
285*886 
286*671 
287*466 
288*241 
289*027 
289*812 
290-698 
291-888 
.292*168 
292*964 
298*789 
294*686 
296-810 
296*096 
296*881 
297*666 
298-462 
299-287 
800*022 
800-808 
801*698 
802-879 
803* 164 
808-949 
804*786 
806*620 
806*806 
807*091 
807*876 
808*662 
809-447 
810*288 
811*018 


An*. 

6776*09 
6808-81 
6842-68 
6876*66 
6910-67 
6944*69 
6978*90 
6018*21 
6047*62 
6082*18 
6116*74 
6161*44 
6186*26 
6221-16 
6256-16 
6291-26 
6826*44 
6361*74 
6897*18 
6482*62 
6468*21 
6508-89 
6689-68 
6678-66 
6611*54 
6647*62 
6688-80 
6720*07 
6766*46 
6792*92 
6829*49 
6866*16 
6902-92 
6989*79 
6976*76 
7018*81 
7060-97 
7088*28 
7125-58 
7168*04 
7200*59 
7288*24 
7276*99 
7818*84 
7861*78 
7889-82 
7427-96 
7466*20 
7604*54 
7642*98 
7681*61 
7620*14 
7668*87 
7697*70 


Stdeof 
Equal 
Bqoure. 
76-994 
76-218 
76*487 
76*666 
76-860 
77.099 
77.828 
77-542 
77*766 
77*965 
78*209 
78*428 
78-652 
78-871 
79*096 
79*815 
79*588 
79*758 
79*982 
80-201 
80*425 
80*644 
80-868 
81-087 
81-8U 
81*580 
81*764 
81*978 
82*197 
82*416 
82*640 
82*869 
88-088 
88*802 
88*526 
88*746 
88-970 
84*189 
84*413 
84-632 
84-856 
85*077 
85*299 
86*620 
85*742 
85*964 
86*185 
86-407 
86*628 
86*860 
87*071 
87*298 
87*514 
87*786 


Diam. 

991 
991 
991 
100 
1001 
1001 
1001 
101 
1011 
1011 
1011 
102 
1021 
1021 
1021 
106 
1081 
1081 
1081 
104 
1041 
1041 
1041 
106 
1061 
1061 
1061 
106 
1061 
1061 
1061 
107 
1071 
1071 
1071 
108 
1081 
1061 
1081 
109 
1091 
1091 
1091 
110 
120 
180 
140 
150 
160 
170 
180 
190 
200 
800 


Circnm- 


8U*808 
812*589 
818*874 
814-160 
814*946 
815*780 
816-516 
817*301 
318*087 
818-872 
819-657 
820-448 
321*228 
822*014 
322-799 
828-684 
824*870 
825*166 
325*941 
326*726 
327-611 
328-297 
829-082 
829-868 
830*668 
881*488 
382-224 
888*009 
888*794 
834*580 
336*866 
836*161 
336*986 
837*722 
888-506 
839*292 
840*077 
840-868 
341*648 
842-484 
348*219 
844*006 
844*789 
845*676 
876-992 
408-408 
489*248 
471*240 
602*656 
634*072 
666*488 
596-904 
628*820 
942*480 


An*. 

7786*62 

7776*66 

7814*79 

7864*00 

7898*31 

7982*78 

7972*21 

8011*86 

8061*57 

8091*88 

8131-29 

8171-30 

8211*40 

8251-60 

8291*86 

8882-80 

8872*80 

8418-40 

8454-09 

8494*88 

8586-77 

8576-76 

8617*86 

8669*03 

8700*31 

8741*69 

8783*17 

8824*75 

8866*42 

8908*20 

8960-07 

8992-04 

908411 

•  9076*27 

9118*54 

9160-90 

9208-36 

9245-92 

9288-58 

9381-88 

9374*18 

9417-14 

9460*19 

9508-84 

11309*76 

13278*26 

15393*84 

17671*60 

20106-24 

22698*06 

25446-96 

28862*94 

8141600 

70686*00 


ffideoC 
Equal 
Bqaara. 
87*968 
88* 179 
88*401 
88*622 
88*8^4 
89*065 
89-287 
89-506 
89-780 
89*962 
90178 
90*896 
90*616 
90*888 
91  069 
91-281 
91-602 
91-724 
91-946 
92167 
92*880 
92*610 
92-882 
98068 
93*276 
98*496 
98*718 
98-940 
94-161 
94*388 
94*604 
94-826 
95-047 
95-269 
95-491 
95*712 
95*984 
96*166 
96*377 
96*596 
96*890 
97*041 
97*968 
97*486 
106-848 
116*284 
124079 
182*986 
141*796 
160*659 
169-691 
168*888 
177-247 
266*869 


Grains. 

gr- 

24 

dwt. 

480 

oz. 

6760 

lb. 
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WEIGHTS    AND    MEASURES. 

Troy  WeigJit. 

Pennyweights. 
Ounces.  1 

Pound.  1  =        20  : 

1  =12  =       24C 

A  carat  =  4  grains. 
487 '5  grs.  troy  =  1  oz.  avoirdupois. 
7000         „  =1  lb.  „ 

100    ozs.  troy  =  109f  ozs.  avoirdupois.        ' 
3*2  grs.  troy  =      4  diamond  grs. 
1     oz.      „    =  160        „ 
The  pound  troy  is  the  weight  of  22*815  cubic  inches  of  distilled 
water  at  the  temperature  of  62°  Fahr.,  the  height  of  the  barometer 
being  30  inches. 

Troy  weight  is  used  in  philosophical  experiments,  and  in  weighing 
gold,  silver,  and  jewels.  The  fineness  of  gold  and  silver  coins  means 
the  proportion  of  the  precious  metal  which  they  contain.  This  is  ex- 
pressed in  lOOOths  of  their  total  weight,  or  in  carats — 24ths  of  their 
total  weight.  British  gold  coins  are  22  carats  fine,  or  0*916} ;  silver 
coins,  0*925.  Gold,  if  pure,  is  said  to  be  24  carats  fine ;  if  there  be 
one  of  alloy  with  28  carats  of  pure  gold,  it  is  28  carats  fine,  and  so  on 
downwards.  The  alloy  in  gold  and  silver  coins  consists  of  copper. 
The  true  weight  of  a  sovereign  is  128*274  grains  consisting  of — ^pure 
gold,  11  parts  or  118*001  grains;  copper,  1  part  or  10*273 grains. 
Silver  coin  consists  of— pure  silver,  222  parts;  copper,  18  parts. 
The  weight  of  a  shilling  is  87}  grains.  24  pence  are  made  from  an 
avoirdupois  pound  of  copper. 

Septum  and  DecigaUon. 
The  word  septum  (seven)  is  descriptive  of  the  weight  of  the  lOOQth 
part  of  a  decigallon  of  distilled  water  at  62°  Fahr.,  and  under  abato- 
metric  pressure  of  30  inches. 

A  decigaUon  of  water  is  the  tenth  part  of  a  gallon,  and  as  a  gallon 
of  water  at  the  above  temperature  and  pressure  weighs  70,000  grains 
(10  lb.  avoirdupois),  it  follows  that  the  tenth  part,  or  a  decigallon, 
must  weigh  7000  grains  (1  lb.). 

Each  decigallon  is  divided  into  1000  septems;  and  therefore  the 
septem  of  pure  water  weighs  7  grains. 
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Apothecariet  Weight. 

Drams,          Scruples. 

GrainR. 

gr- 

or  Drachms.             1 

20 

scr. 

Ooncea. 

1=8 

60 

dr. 

Pound. 

1 

=           8         =        24 

=      480 

oz. 

1 

12 

=        96        =288 

=     6760 

lb. 

The  sign  of  the  scruple  is  9  ;  the  dram,  5  ;  the  ounce,  3 . 

This  weight,  which  is  now  abolished,  was  formerly  used  for  com- 
pounding medicines.  The  grain,  ounce,  and  pound  are  equal  to  those 
of  troy  weight.    Drugs  are  bought  and  sold  by  avoirdupois  weight. 

Avoirdupois  Weight. 


Ounces. 

Drams,  dr. 

Pounds.               1    = 

16  oz. 

Stones.             1     =         16    = 

256  lb. 

Quarters.        1    =        14     =        224    = 

8584  St. 

Cwts.          1    =       2    =       28     =        448    = 

7168  qr. 

Ton. 

1=4=        8    =      112     =      1792    = 

28672  cwt. 

1 

=    20    =    80    =    160    =    2240     =    35840    = 
1  lb.  avoirdupois  =  7000  grains  troy. 
1  oz.  avoirdupois  =  487*5  grains  troy. 
100  ozs.  avoirdupois  =  91/^ths  ozs.  troy. 

578440  ton. 

The  imperial  pound  avoirdupois  is  the  standard  unit  by  means  of 
which  all  commodities,  except  gold,  silver  and  precious  stones,  are 
weighed,  and  is  equal  to  the  weight  of  one-tenth  of  an  imperial  gallon, 
or  of  27*7274  cubic  inches  of  distilled  water  at  the  temperature  of  62^ 
Fahr.,  and  when  the  barometer  stands  at  30  inches.  A  certain  piece 
of  platinum  of  this  standard  weight  is  kept  in  the  Exchequer  Office  afe 
Westminster. 

Lineal  or  Long  Measure, 
Rods, 
Perches  or     Yards. 
Poles.  1     = 

1     =  5i 

4     =        22 
40     =       220     = 
820     x=     1760 
1  link  =  7*92  inches. 
100  links  =  1  chain,  or  66  feet,  or  22  yards. 
1  league  =  8  geographical  or  nautical  miles. 


Chains. 
Furlongs.       1 
Mile.         1     =     10 
1     =     8     =     80 


Feet. 

Inches. 

1     = 

12 

3     = 

86 

m  = 

198 

66     = 

792 

660    = 

7920 

6280     = 

68860 
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1  hand  =  4  inches. 

1  fathom  =  6  feet. 

1  military  pace  =  2^  feet. 

1  geometrical  pace  =r  5  feet. 

1  geographical  or  nautical  mile  =  1*15  statute  miles. 

1  geographical  degree  =  60  geographical  or  nautical  miles. 

1  Admiralty  knot  =  6080  feet. 
The  yard  is  the  imperial  standard  measure  of  length,  and  is  the 
distance,  at  the  temperature  of  62^  Fahr.,  between  two  marks  on  a 
certain  bar  kept  in  the  Exchequer  Office,  Westminster.  • 

Cloth  Measure. 


Nails. 

Inches. 

Quarters. 

1 

= 

2i 

Yards.                1 

4 

= 

9 

EU.                  1=4        = 

16 

= 

86 

1         =         li         =         6         = 

20 

= 

46 

The  yard  is  the  same  as  in  long  measure, 

but  differs  in 

ita  divisions 

and  sub-divisions. 

Yam  Meamre — Cotton, 

Skeins. 

Yards. 

Hanks.                  1 

= 

120 

Spmdle.                1        =            7 

= 

840 

1          =        18        =        126 

= 

15120 

Yam  Measure — Linen. 

Cuts. 

Yards. 

Hears. 

1 

= 

800 

Hasps.                 1         = 

2 

= 

600 

Spindle.              1      .  =          6        = 

12 

= 

8600 

1         =         4         =         24         = 

48 

= 

14400 

Square  Meamre. 

Sq.  Feet. 

Sq.  Inches. 

Sq.  Poles  or    Sq.  Yards. 

1 

= 

144 

Perches.                1     = 

9 

= 

1296 

Statute  Sq.  Roods.          1       =         80^  = 

272^ 

k  = 

89204 

Acre.            1      =        40       =      1210     = 

10890 

= 

1668160 

1      =      4      =      160       =      4840     = 

48560 

= 

6272640 

1  square  mile  =  640  statute  acres. 
In  round  numbers,  ^.  per  square  yard  is  £10  per  statute  acre 
(actually,  £10  Is.  8d.). 
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4,8^0  square  yards  make  1  statute  acre. 

fiUO'i 

»,                 „         Scotch  acre. 

7,840 

»» 

,,         Irish  acre. 

4,000 

ti 

„         Devonshire  acre. 

Customary 

4.000      , 

f                            i 

,         Somersetshire  acre. 

Measure. 

6,760      , 

f 

,,         Cornwall  acre. 

7,840      , 

9                                      1 

,         Lancashire  acre. 

10,240      , 

*                                      1 

,         Cheshire  acre. 

10,240      , 

>                                       ] 

,         Staffordshire  acre. 

To  Beduce  Statute  Measure  to  Customary. 
Multiply  the  number  of  perches  statute  measure,  by  the  square 
feet  in  a  square  perch  statute  measure ;  divide  the  product  by  the 
square  feet  in  a  square  perch  customary  measure,  and  the  quotient 
will  be  the  answer  in  square  perches  customary. 

To  Reduce  Customary  Measure  to  St^itute, 
Multiply  the  number  of  perches  customary  measure,  by  the  square 
feet  in  a  square  perch  customary  measure ;  divide  the  product  by  the 
square  feet  in  a  square  perch  statute  measure,  and  the  quotient  will 
be  the  answer  in  square  perches  statute. 

Square  Measure — Land. 

Sq.  Perch.  Sq.  Links. 

Sq.  Chains.                1       =:  625 

Sq.  Boods.                 1              =       ..       =  10000 

Acre.              1            =            2-5           =       ..       =  25000 

1=4            =          10              =       . .       =  100000 

The  chain  with  which  land  is  measured  is  22  yards  long. 

Solid  or  Cubic  Measure. 

Cubic  Feet.  Cubic  Liches. 


Cubic  Yard. 
1 


1 

27 


1728 
46656 


Liquid  Measure. 

Pints.  Gills. 

Quarts.  1         =         4 

Gallon.  1         =         2        =         8 

1  =         4         =        8        =       82 

The  standard  measure  of  capacity,  both  for  liquids  and  dry  goods, 
is  the  imperial  gallon,  being  equal  to  a  volume  of  distilled  water  of 


1 


OAS   ENGINEERS   AND   MANAOBBS. 


479 


277*274  cabic  inches,  weighing  10  lbs.  avoirdupois,  at  the  temperature 
of  62^  Fahr.y  and  80  inches  atmospheric  pressure. 

Liquid  Measures  tised  by  Apothecaries. 

1  fluid  minim  =  OH)045  cubic  inches,    (ttl) 
60    „    minims  =  1  dram.     (5) 

8  drams  =  1  oz,    (i^) 
20ozs.      =  1  pint.    (0) 


Wine  Meamre. 

Quarts.    Pints. 

GaUons.          1  =        2 

Tierces. 

1 

4  =        8 

Hhdfl.          1     = 

42 

=     168  =     386 

Punch 

1      =    H  = 

68 

=     252  =     604 

Pipes. 

1 

=     1*     =     2     = 

84 

=     886  =     672 

Tan.       1     = 

=     1* 

=     2=8     = 

126 

=     604  =  1008 

1    »    2    = 

=     8 

=     4=6     = 

262 

=  1008  =  2016 

Ale  and  Beer  Meamre. 

Quarts.    Pints. 

Gallons.        1  =      2 

Firkins. 

1  =      4  =      8 

Eildkns.      1 

S= 

9  =     86  =     72 

Barrels.      1     =     2 

=r 

18  =     72  =  144 

Hhdfl, 

1     =     2     =     4 

= 

86  =  144  =  288 

Ponoh. 

1 

=     IJ  =     3     =     6 

= 

54  =  216  =  482 

Batt      1    = 

=     1* 

=     2     =     4     =     8 

S3 

72  =  288  =  676 

1     =  li  = 

=     2 

=     8     =     6     =  12 
Dry  Measure. 

108  =  482  =  864 
Gallons.       Pints, 

Peeks. 

1     =        8 

Bushels. 

1 

2     =      16 

Qnarters.        1     = 

4 

8     =       64 

Loads  or 

Weys. 

1=8=        82 

64     =     512 

Last.           1 

s 

5     =     40     =       160 

=       820     =  2660 

1=2 

= 

10     =     80     =       820 

=       640     =  6120 

8  bushels  =  1  sack  =  8*85  cubic  feet. 
12  sacks  s  1  chaldron  =  46*2  cubic  feet. 
The  imperial  bushel  contains  80  lbs.  avoirdupois  of  distilled  water, 
and  its  content  is  2218*192  cubic  inches,  or  1*288  cubic  feet. 
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Table 

0/ 

Time. 
Minutes. 

Seconds. 

Hours. 

1 

= 

60 

Days. 

1 

=r 

60 

= 

8600 

Week, 

1     = 

24 

=: 

1440 

= 

86400 

1     = 

7     = 

168 

= 

10080 

= 

604800 

28  days  =  1  lunar  month. 

28,  29,  80,  or  81  days  =  1  calendar  month. 

1  common  year  =  865  days,  or  52  weeks  1  day. 

1  leap  year  =  866  days,  or  52  weeks  2  days. 

1  Julian  year  =  865  days  6  hours. 

1  solar  year  =  865  days  5  hours  48  minutes  49  seconds. 

80  degrees  =  1  sign. 

12  signs  =  1  circle  of  the  zodiac. 

CIRCULAR    AND    ANGULAR    SPACE. 


60"  (leoonds)  =  1'  (minnte). 
60'  =  1»  (degwe). 

80<'  sltign 

46^  =1  octant. 


60° 

90<» 

860<* 


:=l86xtant. 
_f  laoAdimnt. 
"^X  Iriffhtangla. 
=  Aoirole. 


The  eftrth  moves  through  860^  in  24  honn,  therefore  16^  =  1  hour,  and 
1°  =  4  minntea. 


TIME   IN  WHICH  ANY  SUM   DOUBLES   ITSELF, 

AT  RATES  OF    INTEREST   BOTH   SIMPLE 

AND  COMPOUND. 


ITeart  in  which  the  snm  Is 

1 

Years  in  which  the  sum  is 

Bate  of 

doubled,  at 

Rate  of 

doubled,  at 

Intereit 

Interest 

percent. 

Shnple 

Compoond 

percent. 

«mple 

Oomponnd 

Interest. 

Interest. 

1 

Interest. 

Interest. 

1 

100 

69-6806 

6 

90 

14-2067 

2 

60 

86*0028 

6 

16} 

11-8967 

21 

40 

38-0701 

7 

14? 

10-2448 

8 

88i 

28-4498 

8 

12i 

9-00646 

8i 

28t 

20-1488 

,             9 

11* 

8-04828 

4 

26 

17-67808 

1           10 

10 

7-27264 

4i 

22; 

16-7478 

1           11 

9iV 

6-64189 

12 

8* 

611626 
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FRENCH    WEIGHTS    AND  JylBASURES-^ 
DECIMAL    SYSTEM*     ■  .     ^ 


Weights. 
French. 
Milligramme  =  y^  ot  '001  gramme    = 


Centigramme 
Decigramme  = 


Gramme 


ToTJ 


•01 

•1 


.      l^DgHfth. 
001643 

0-1643 
1*6432 

16*462349 
0-643 
008216 
0-08627 
00022 


grains. 


dwt. 
oz.  troy, 
oz.  avoir* 
•lb.'     ' 


Decagramme  = 


10 


grammes 


Hectogramme  =      100 

Kilogramme   = '_  1,000 

Myriagramme = 10,000  , , 

Quintal  =     100,000  grammes  = 

Millier  or  bar  =  1,000,000 


=  S 


164-82 

0-8627 

0022 

1,643-23 

3-627 

0-22046 

16,432-849 

32-16 

36-2789 

2-2046 

2-679 

0-01968 

0-00098 

22-046 

0-1968 

000984 

220-46  lbs.  or 

24i  lbs. 

2,204-62  lbs.  or  19  cwt.  2  qrs. 

20f  lbs. 

The  Gramme  is  the  unit  of  measures  of  weight,  and  is  the  weight 

of  a  cubic  centimetre   of  distilled  water   at  its  maximum  density 

(89°  Fahr.)  in  vacuo\  at  sea  level  in  the  latitude  of  Paris,  barometer 

29-922  inches. 


0-0000197  cwt. 

grains, 
oz.  avoir, 
lb.     „ 
grains, 
ozs.  avoir, 
lb.      „ 
grains, 
ozs.  troy. 
„    avoir, 
lbs. 

„    troy, 
cwt. 
ton. 

lbs.  avoir, 
cwt. 
ton. 
1  cwt.  8^qrs. 
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EngliBh. 

French. 

Grain     ,.....= 

0*064799           grammes. 

Dwt ,     .     = 

1*555 

i> 

Dram = 

1*771846 

Ounce,  troy = 

81-1085 

>> 

Onnoe,  avoirdupois .     •     •     =s 

28*8496 

>> 

Pound         „          ,     .     ,     =1 

458*59 
0*454 

kilogramme. 

Pound,  troy      ,•.•=! 

878*226                  grammes. 
0-878226             kilogrammes. 

Cwt = 

50-8 

»> 

■ 

1,016*05 

ff 

Ton .     .     .     .     .     .     •     = 

1-01605 

tonnes. 

1  tonne 

X  -984. 

Lineal  or  Long  Measure, 

French, 

EDgUeh. 

i 

0*08987 

inch. 

Millimetre      =  x^  or  -001  mfitre  .   =  -1 

0*00828 

foot. 

•      \ 

0-00109 

yard. 

0*8987 

inch. 

Centimetre     =  3^   or   -01      „ 

•  =  ■ 

c 

0-0828 
0-0109 

foot, 
yard. 

8*9871 

inches. 

Decimetre       =     ^    or    -1      „ 

0-8281 
0-1098 

foot, 
yard. 

■ 

89-87079 

inches. 

Metbe            =                     1      »9 

•   — ^  ■ 

8*2808992     feet. 
1-098688056  yards. 

, 

0-00062 

mile. 

[ 

898-7079 

inches. 

D6cametre      =                   10  metres .   = 

82-809 
10-986 

feet, 
yards. 

I 

0-0062 

mile. 

8,987*079 

inches 

Hectometre     =                100      „ 

.    =• 

828-09 
109-86 

feet, 
yards. 

I 

0-06214 

mile. 
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French. 

EDRlillh. 

/  89,870-79             inches. 

Elomitre       =            1,000  mitres.  =. 

8,280-9               feet. 

1,098-68            yards. 

I          0-62188        mile. 

^898,707-9               inches. 

Myriamiiare     =r           10,000     „       .   =. 

82,809-0               feet. 

10,986-8               yards. 

Ligne  or  line      .     •     •     .     ,              — 

I           6-21882       miles. 

Pouce  or  inch  =  12  lines   .     .     [     *  Z 
Kedorfoot     =  12pouces      .     !     ]   - 
Toise  =  6  French  feet  .     .                    - 

0-088iBig      inch. 
1-06688       inches. 
12-78996 

v^^^'^^Lt^"  "«»■  —  • »a»'«»  10  ^U 

English. 

French. 

25-89954    millimetres. 

Inch _ 

2*54         centimitres 

0-254       dicimitre. 

Foot  •     .     .     . 

0-0254     mitre. 

Yard ]     ]     [         Z 

0-8048         „ 

Fathom  ... 

0-9144         „ 

Pole  .....*'][•'   I- 

1-8287     mitres. 

Chain       ...           

5-0291         „ 

Furlonc:  ...                                          f 

20-116           „ 
201-16 

=1 

0-20116    kilomitre. 

MUe f. 

1,609-815        mitres 

......   =j 

1-609815  kilometres. 

Square  Measure. 

French. 

EngUsh. 

MiUiare           - 1  t?JW   or  -001  are)  1  f 
I  or  sq.  d^camdtre.  J        | 

16600             sq.  ins. 

1-0764          „  feet. 

I 

0'1196          „  yard. 

/1,550-d                 „  ins. 

Centiare       ^ 
or  sq. 
mitre. 

,  =  f  T*c  or    -01    gq.  1 
I  _d6cam6tre    .     .  \~\ 

10-764            „  feet. 
1-196088292,,  yards. 
0-08964         „  perch. 

000099         „  rood. 

\ 

000026         „  acre. 

2i2 
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Declare 


French. 


^  or   •!  sq.  d6ca- 
m^tre      •     •     • 


Abb   or    sq.|  _ 
d^camitre.    [  ~ 


1   sq.  d^camStre.  *  =j 


D^care 


Hectare 

The  are; 
measure. 


=( 


10    ares    or 
d^mStres 


_flOO    ares    or 
I  d^camitres 


which  is  a  square 


English. 

f  16,601-0  sq.  ins. 

107-64  „  feet, 

11-96088  „  yards. 

0*8954  „  perch 

0-0099  „  rood. 

0-0025  .  -  „  acre. 

1,076-4  „  feet. 

119*6088  „  yards. 

8-954  „  prchs. 

•     0-099  „  rood. 

0-0247  „  acre. 

r.196-088  „  yards. 

89-54  „  prchs. 

0-99  „  rood. 

0-2471  „  acre. 

11,960-8  „  yards. 

895*4       .  ,,  prchs. 

9-89  „  roods. 

V  2-4712  „  acres, 

d^cam^tre,  is  the  unit  of  square 


sq 


.''.1=- 


English. 

Square  incli =  | 

Square  foot = 

Square  yard    ......== 

Square  perch = 

Square  rood = 

Square  acre = 

Square  mile = 


French. 
645-187        sq.  millimetres. 


0-000645 
0-0929 
0-8961. 
25*292 

1,011-7 

4,046-7 
2-59 


mitre. 


mitres. 


kilometres. 


MiUistire  • 
Centistire 


Solid  Measure, 


French. 


,  i  ttArj  or  -001  stire  )      ( 
I     or  cubic  mitre  .  ) ,     ( 


I     0 


^  or  -01   stire 
or  cubic  mitre  . 


1=1 


English. 

61-028       cubic  inches. 

0086817    „    foot. 

610-28  „    inches. 

0-86817      „    foot. 
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Frecob. 


(    or  ouDic  metre  .  ) 

•    • 

►r  cubic  ]  _ 

.     .     .  j 


Snots  or 
cubic 
mdtre 


1  8t6re  or 
m^tre 


D^cast^re  =  10  steres  or  cubic  metres = 


Hectost6re=      100 


Eilost^re    =  1,000 


1 

-1 
=1 


English. 
6,102-8 
8-5817. 
01808 
61,0280 
85-817 
1-808 
858-17 
180802 
8,581-7 

180-802 
35,817*6 
1,808-02 
18,080-224 


cubic  inches. 

.  „  feet. 

„  yard. 

,,  inches. 

„  feet. 

„  yards. 

„  feet. 

„  yards. 

„  feet. 

„  yards. 

„  feet. 

•„  yards. 


Myriastire= 10,000  „  = 

The  Stere,  which  is  a  cubic  mitre;  is  the  unit  of  soHd  measure. 

Ecglish. 
_ (  0-000016886  I 

116,8860 
Cubic  foot    .      .     =  0-028815 

1,000  cubic  feet     =  28-815 

Cubic  yard  .     .     =  .0-7645181 


Cubic. inch  • 


French, 
stere  or  cubic:  mitre 
cubic  millimetres, 
stire  or  cubic  mitre, 
stires  or  cubic  mitres, 
stire  or  cubic  mitre. 


MiUiHtre 
Centilitre 
Dicilitre 

LiTBE  or  \ 
cubic  de 
cimitre 


Di-y  and  Fluid  MeasMve 
French. 
JTzJWor  -QOUitr^)  I 
lor  cubic  dicimitre)  1 
fT^or  -01  litre  or) 
(cubic  dicirpitre 
{-^  or  -1  litre  or»  _  t 
■  1  cubic  dicimitre    .  I  ~  ( 


'>[ 


fl    litre    or    cubic 
[dicimitre  . 


Dicalitre    = 


(10  litres  or  cubic 
Idicimitres.     . 


{Capacity,) 

English. 

0*0010.    cubic  inch. 

0-00022   imperial  bushel. 

0.-61028  cubic  inch. 

0-0022     imperial  bushel. 

6-1028  .  cubic  inches. 

0*022       imperial  bushel. 
61-028   .,  cubic  inches. 

0-0858         „    foot. 

1-76172  imperial  pints. 

0-220215      „        gaUon. 

0-0275  „        bushel. 

610  -  28         cubic  inches. 

0-858  „    foot. 

2*2  imperial  gallons. 

0-276  ,,        bushel. 
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French. 


English. 


HectoUtre  ==  jlOO  litres  or  cubic) 
(d6oimdtres  •    «    .j 


Kilolitre 


Myrialitre 


(1,000    litres     or)      1 
(cabic  d^cimdtres  . )      1 


-I 


10,000   litres   or 
cabic  dicimitres 


'}-h 


6,102-8 
8-68171 
220 
2-761 
86-8171 
220-02 
27-612 
868-171 
202-16 
276-121 


cabic  inches. 

„    feet, 
imperial  gallons. 

„      boahels. 
cubic  feet, 
imperial  gallons. 

„       bushels. 

H    cubic  feet, 
imperial  gallons. 

„       bushels. 


The  Litre,  which  is  a  cubic  d^cimitre,  is  the  unit  of  measures  of 
capacity. 

Bnglish.  French. 

Cubic  inch   •- =  0-016886  litre. 

Cubic  foot =  28-816       litres. 

1,000  cubic  feet =  28,816-0              „ 

Imperial  pint =  0-6676     litre. 

Imperial  gallon ==  4-641       litres. 

Imperial  bushel =  86*828          „ 


English  Valne. 
^  or  OOed. 
9id. 

i*  or  •476d. 

16s.  lOd. 
For  convenience  in 


MONEY    TABLES. 

France.    . 
Name. 

Centime = 

Franc       =  100  centimes  .     .     .     r= 

Sou  rs         6  „  •        •        •        r= 

Napolten  es    20  francs      .     .     .     = 

Accounts  are  kept  in  francs  and  centimes. 

reckoning,  a  sou  may  be  taken  as  equal  to  ^.,  a  franc  as  lOd.,  and 
26  francs  as  20s. 

Belgium* 
The  Belgian  currency  is  in  centimes  and  francs,  having  the  same 
English  money  value  as  those  of  France. 

To  convert  centimes  per  cubic  mHre  into  pence  per  1,000  cubic  feet^ 

and  vice  versa. 
Centimes  per  cubic  metre  x  2*7    ==  pence  per  1,000  cubic  feet. 
Pence  per  1,000  cubic  feet  x    *87  =  centimes  per  cubic  metre. 
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To  convert  centimes  per  litre  into  pence  per  1,000  cubic  feet^ 
and  vice  versa. 

Centimes  per  litre  x  2,700  =  pence  per  1,000  cubic  feet. 
Pence  per  1,000  cubic  feet  x  *00087  =  centimes  per  litre. 

UNITED    STATES    OP   AMERICA. 

Name.  English  Value. 

Cent »     «  s=        ^. 

Dollar  =  100  cents =     4s.  2d. 

4f ,  or  4*8  dollars,  or  4  dollars  80  cents  •     •  =       £1 

Dollars  x  -2084 «     «     «  »=       £1 

To  convert  doUars  and  cents  per  1,000  etdne  feet  into  pence  per 
1,000  ctdfic  feetf  and  vice  versd. 

Dollars  and  cents  per  1,000  cubic  feet  x  50  =  pence  per  1,000 
cubic  feet. 

Pence  per  1,000  cubic  &et  x  *02  =  dollars  and  cents  per  1,000 
cubic  feet. 
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TABLE. 

Foreign  and  Colonial  Equivalents  of  EngUsh  Money. 
{Actual  or  Approximate,) 


CouxTsr. 


Argentine  Bepnblio 

AuBtfUk 

Belpnm 

Bolivia 


Brazil    .    .    .    . 

Canada  .... 
ChiU.    .    ,    .    . 

China    .... 

Colnmbia  .  .  . 
Denmark  .  .  . 
Eonador     .    .    . 

Egypt    .... 

Finland.  .  .  . 
Franoe  .... 

German  Empire 

Greece  .... 

Holland     .    .    . 

Hangary  .  .  . 
India 


Turkey .    .    . 

United  Stotes. 
Umgnay  .  . 
Venezuela  .    . 


Italy 

Japan    .... 

Java 

Malta  .... 
Mexico  .... 
Norway.  .  .  . 
Paraguay  .  .  . 
Persia    .... 

Peru 

Portugal  .  .  . 
Bussia   .... 

Spain 

Sweden  .... 
Switzerland  .  . 
Tunis     .... 


PDfVD  SmtLINO, 

Equal  to,— 


BtfLLlKe. 

Eqaal  to,— 


JO  Pataoon  OiDolUrs 

.KH^lo^lns  ,. 

.25   Francs    . 
7  DoUars   . 

•lO  IdilAis  •. 

4$  Dollars  . 
5i  Pesos .    . 

5  Dollars,  or  8} 

TaeU,  or  35 
Mace    .    . 

6  Pesos.    .    . 
20   Krona     .    . 

5   Pesos .    .    . 

100   Piastres.    . 

25    Marks     .    . 
25   Francs    .    . 

20   Marks     .    . 

25    Drachmas    . 
12   Florins   .    . 

lOi  Florins  .    . 

10   Bupees  and  4 ) 
Annas  .    .    > 

25  Lira    .    . 

5  Yen  .  . 
12  Florins  . 
12    Soudi.    . 

5.  Pesos  or  5  Dole. 
20   Erona     . 
6i  Dollars^  . 
2^  Toman    . 

6  Sol  .  . 
5  Milreis  . 
6i  Silver  Roubles 

26  Pesetas  . 
20  Krona  . 
25  Francs  . 
40   Piastres  . 

120   Piastres  . 

4|  Dollars  . 
5  Pesos .  . 
5   Pesos .    . 


•50  Cen\imo§  .•  . 
i  i  Florin,  or  60  I 
<  •  Kreutzers.  > 
11  Francs  . 
86  Centenas 
4  i^ilnU 01^500  ) 
^  Keis  .  .  .  i 
25  Cents.  . 
25   Centavos 


I    i  Florin, 
i       Kreut 


100 


50 


25   Cents,'  or 
Mace 

25   Centavos 
1    Krona 
25   Centavos. 

5  Piastres  . 

U  Marks     . 

li  Francs     . 

il    Mark   or 

'       Pfennig  . 

1^  DraohmaB 

60   Cents.    . 

or 

Kreutzers 

9   Annas 

HLira  .  . 
25  Sen  .  . 
60    Cents.     . 

7    Tan,  4Grani 
25    Centavos 

1    Krona 
36    Centena . 
12    Shahis    . 

2i  Dineros  . 

2i  Testoes  . 
48    Copecks  . 

H  Pesetas  . 

1  Krona 
1|  Francs    . 

2  Piastres  . 

6  Piastres  . 

25  Cents.  . 
25  Centavos 
25   Centavos. 


PKKirr, 
Equal  to,- 


li 


.  4  Xlentitnos. 

4  Kreutzers. 

10   Centimes. 
,  8   Centenas. 

40   Beis. 

2   Cents. 
2   Centavos. 

2   Cents,    or   1} 
Candareen. 

2   Centavos. 

BiOre. 

2   Centavos. 
i   i  Piastre,  or  20 
*         Paras. 
10    Penni. 
10   Centimes. 

Sh  Pfennig. 

10   Lepta. 

5  Cents. 

4  Kreutzers. 

8   Pies. 

10  Centesimi. 

2  Sen. 

5  CenU. 
12  Grani. 

2  Centavos. 
8i  Ore. 

3  Centena. 

1  Shahi. 

2  Centos. 
20   Reis. 

4  Copecks. 
10   Centimes. 

8}  Ore. 
10   Centimes. 

f    i  Piastre,    or    20 
I        Paras. 

2   Cents. 

2   Centavos. 

2   Centavos. 
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INDEX. 


Abrupt  angles  in  pipes  and  fittings  to  be  avoided,  243. 
Absorption  of  the  hydrocarbons  by  india-rubber  tubing,  286. 
"  Acme  "  regulating  burner,  285. 
Act,  1871,  Gas  Works  Clauses,  293,  318. 

on  testing  for  purity,  293. 

on  testing  for  illuminaling  power,  318. 
Act,  1859,  Sales  of  Gas,  260,  264,  266. 

provisions  as  to  stamping  meters,  260. 
Advantages  of  using  an  exhauster,  85. 

a  station  governor,  192. 
Aerorthometer,  A.  V.  HarcourtV,  322. 
Air  and  gas,  loss  of  light  by  mixing,  336. 

permanent  gases  expanded  by  heat,  75. 

water,  as  cooling  agents,  compared,  80. 
Airey*8  table  showing  the  dilatation  of  gas  in  contact  with  water,  279. 
Aitken  and  Young's  analyaser,  82. 
Algebraical  and  arithmetical  signs,  468,  469. 
Allen's  Beale's  exhauster,  86. 
Alloys  of  metals,  453.  ^ 

Ammonia,  afl^ty  for  water,  90,  92,  390. 

carbonate  of,  393. 

caustic,  purification  by,  113. 

impurity  in  coal  gas,  103,  104. 

Uquid,  379,  397. 

muriate  of,  or  sal  .\mmoniac,  375. 

sulphate,  of,  375  to  S78. 

yield  of,  per  ton  of  coal,  378. 

test  for,  292,  206,  302. 
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Ammoniacal  liquor,  375  to  381. 

Beaume's  hydrometer,  380,  compared  with  specific  gravity,  381. 

quantity  of,  obtained  to  outlet  of  scrubbers,  375. 

result  of  application  of,  to  land,  389. 

specific  gravity  and  weight  of,  378,  380. 

strength  of,  378. 

testing  by  saturation,  379. 

to  convert  Twaddel  into  specific  gravity,  378. 

Twaddel's  hydrometer,  378. 

Wills'  method  of  testing,  379. 
Analyses  of  coals  and  cannels,  16,  17.  ^ 

furnace  gases,  51. 

the  ash  of  a  good  Newcastle  coal,  14. 
Analyzer,  Aitken  and  Young^s,  82. 
Anderson's  combined  washer  and  scrubber,  100. 

exhauster,  86^  87. 

washer,  91. 
Angle  of  repose  of  earths  with  horizontal  line,  139. 
Angles  in  mains,  services,  and  internal  fittings,  243. 
Angular  and  circular  space,  480. 
Annular  atmospherical  condenser,  78. 

Kirkham  and  Wright's^  78. 

Warner's,  78. 
Annular  or  ring  tanks,  134,  139,  164. 
Anthracite  or  glance  coal,  11. 

weight  per  cubic  yard,  27. 
Apparatus  for  coal  testing,  23. 

required  for  testing  meters,  264. 

illuminating  power  testing,  309. 
Approximate  multipliers  for  fac^tating  calculations,  469,  470. 
Architectural  and  mechanical  drawing,  colours  used  in,  464. 
Area  of  coal  measures  in  the  United  Kingdom,  11. 
Area  required  for  atmospherical  condensation,  80. 

for  piuifiers,  119. 
Areas,  etc.,  table  of,  471  to  474. 
Argand,  Sugg's,  London,  310. 
Arithmetical  and  algebraical  signs,  468,  469. 

Arnold  on  the  application  of  sulphate  of  ammonia  in  agriculture,  384. 
Arson  (M.)  on  masonry  tank  walls,  145. 
Ascension  or  stand  pipes,  58,  59. 

choking  of,  59. 
Ash  in  coal  and  coke,  12  to  14,  16,  17. 
Ash  pan,  furnace,  55,  56. 
Ashes  in  mortar,  445. 
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Atmospherical  condensation,  76. 

Annular  condensers^  78. 

area  required  for,  80. 

atmospherical  and  water  condensers  combined,  80. 

Graham's  condenser,  77. 

horizontal  condensers,  76,  77. 
Auction  clauses,  the,  424. 
Aurum  mosaicum,  or  gold  bronze  powder,  288. 
Authorized  Gas  Fitters,  282. 
Automatic  pressure  changer.  Cowan's,  195. 

Braddock's,  194,  195. 
Average  meter  system  for  public  lighting,  256. 
Average  yield  of  bituminous  coal,  27. 
Axioms  worth  remembering,  241. 

Balance  and  weights,  experimental,  318. 

BaU  and  socket  joint  for  main  pipes,  204. 

Bar,  gradtiated  photometer,  317* 

Bars,  grate  or  fire,  and  bearing,  56. 

Barker's  mill  for  distributing  water  in  scrubbers,  95. 

Barometer  and  thermometer  used  in  testing  illuminating  power,  318. 

Battery  or  tubular  condenser,  79. 

Beale's  exhauster,  85. 

Beaume's  hydrometer,  380,  381. 

Bench,  single  and  double  retort,  31,  34. 

dear  space  in  ^nt  of,  33. 

flues  and  dnuight,  49. 
Binney's  observations  on  coal,  14. 
Birmingham  wire  gauge,  thickness  of  the,  447. 
Birmingham  gauge,  447,  448. 
Bisulphide  of  carbon,  purification  from,  107. 

test  for,  297,  305. 
Bituminous  coal,  11. 

average  yield  of,  27. 

weight  per  cubic  yard,  27. 
Blue  or  Bengal  fire,  350. 
Boiler  and  engine,  steam,  SB. 
Bolts  and  nuts,  205,  450. 
Bond  in  brickwork,  437. 

Books  required  in  the  keeping  of  a  Gas  Company's  accoimts,  457  to  460. 
Borders,  illuminated,  349. 

Bored  and  turned  joints  for  main  pipes,  8,  200,  201,  203. 
Botle/s  carburetting  arrangement,  74. 
Box's  table  of  the  mean  t^perature  of  every  tenth  day,  76. 
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Brackets  and  chandeliers,  height  of,  282. 
Braddock's  public  lamp  column,  252,  253. 

station  governors,  193  to  195. 
Brass  or  iron,  mixture  for  tinning,  287. 
Brass  tube,  plain,  spiral  and  fluted,  weight  per  foot,  286. 
Brass  work  for  lacquering,  to  dean,  291. 
"  Brasses  "  in  coal,  15,  19. 
Bray's  street  lamps  and  burners,  9,  253,  254. 

ventilating  globe  lights,  283. 

burners  for  internal  lighting,  283. 
Brazing,  287. 
Breeze  and  coke,  370. 

weight  p&r  cubic  yard,.  27. 
Bremond  on  naphthalene,  73. 
Bricks  and  brickwork,  436  to  443. 
Bond  in  brickwork,  437. 

number  of  bricks  in  walls  of  different  areas,  439  to  443. 

usual  dimensions  of  bricks,  436. 
Brick  and  puddle  tanks,  139,  141,  145  to  158. 
Brick  retorts,  39. 
Brickwork  in  retort  settings,  40. 
Bridge  and  dip  pipes,  59,  64,  65. 
Brings  oxygen  process  in  puriflcation,  110. 
British  standard  unit  of  heat,  414. 
Bronze,  288,  289. 

copper  bronze  powder,  288. 

gold  bronze  powder,  or  aurum  mosaicum,  288. 

green,  288. 

powders,  288. 

size  for  bronze  powders,  289. 
Brown  or  hgnite  coal,  12. 
Brunswick  Stars,  348. 
Buckstaves  for  retort  bench,  54. 
Bunsen  photometer,  the,  317,  318. 
Burner,  "Needle**  governor,  285.. 
Burners,  niunber  required  for  lighting  large  buildings,  284. 

objections  to  horizontal,  282.   • 

standard,  310,  318. 
Bye-pass  mains  and  valves,  101. 

Caking  coal,  11. 

Calcining  spent  lime,   Hislop's  process  for,    105. 
Calcium  sulphide,  piuification  by,  107. 
Calorie  (French),  414. 
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Calorific  power  of  various  photogenic  compounds,  412. 
Candle,  standard  sperm,  317,  319. 

balance  and  weights,  308. 

corrections  in  consumption  of,  319. 
Cannel,  11,  14,  17.  . 

and  coals,  analysis  of,  12  to  14. 

ash  inj  14. 

origin  of,  15. 

weight  of  per  cubic  yard,  27. 
Capacity  of  gasholders,  174. 

of  coal  stores,  18. 

of  tar  and  liquor  wells,  101. 
Capital  of  gas  works,  420. 
Carbon  in  coal,  12,  13. 

in  retorts,  deposition  of,  51. 
Carbonic  add,  test  lor,  292,  300. 

Sheard's  apparatus,  294. 
Carboniferous  series,  10. 
Carbonizing,  fuel  for,  52  to  54. 
Carburetted  water  gas,  345. 
Carburetting  condensers,  82. 

methods  of,  74. 
Cared  Iwip,  the,  324. 

Cast,  wrought-iron,  and  steel  gasholder  tanks,  134, 139, 144, 148,  161, 
Casting  of  main  pipes,  197. 
Cast  iron  pipes,  197. 

cost  of  laying,  217,  218. 

weight  and  cost  of,  per  yard,  219  to  227. 

weight  of  lead  for  jointing,  210. 
Cast-iron  retorts,  4«  38,  43. 

duration  of^  44. 

Fraser's  ribbed,  38.    . 
Cathels'  washer,  91. 
Caustic  ammonia,  purification  by,  113. 
Caustic  soda  and  sulphide  of  sodium,  purification  by,  112. 
Cement  for  jointing  retort  mouthpieces,  57. 

for  steam  joints,  90. 

for  stopping  leaks  in  boilers,  90. 

glue  to  resist  moisture,  291. 

iron  or  rust,  211. 

mastic  for  buildings,  445. 

mortar,  Portland,  144. 

or  luting  for  retort  lids,  58. 

Portland,  144,  200. 
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Cement — continued, 

Roman,  200. 
Centigrade  thermometer  compared  with  Fahrenheit   and  Beaumnr, 

83,  84. 
Centre  and  other  change  valves,  122. 
Chains,  safe  load  on,  451« 

weight  of,  451. 
ChandeUers  and  hrackets,  height  of,  282. 
Change  valves,  122. 

Changer,  Cowan's  Automatic  Pressure,  195. 
Channel  condenser,  water,  80. 
Charging  shovels,  70. 
Chemical  and  other  memoranda,  404  to  417. 

common  names  of  certain  chemical  substances,  408,  409. 

elementary  substances,  404. 

expansion  of  liquids  from  32  deg.  to  212  d^.  Fahr.,  417. 

expansion  of  metals,  on  a  rise  in  temperature,  417. 

luting,  for  experiments  in  chemistry,  410. 

melting  points  of  various  substances,  417. 

relative  power  of  metals  for  conducting  and  reflecting  heat,  417. 

specific  gravity,  weight,  and  solubility  in  water,  of  various 
gases,  409. 

specific  heat  of  solids,  liquids,  vapours  and  gases,  416. 

substances,  simple  and  compound,  406. 

water,  memoranda  relating  to,  415. 
Cherry  coal,  11. 
Chief  kinds  of  coal,  11. 
Chimney  stalks  for  retort  houses,  50. 

rule  for  size  of,  50.  * 
Choking  of  ascension  pipes,  59. 
Circidar  and  angular  space,  480. 
Circumferences,  etc.,  table  of,  471  to  474. 
Cistern  for  tar  and  lipuor,  elevated,  102. 
Classification  of  limestones,  124. 
Claus*  process  of  purification  by  ammonia  gas,  113. 
Clay,  fire,  437,  438. 

constituents  of,  438. 
Clay  puddle,  144. 
Clay  retorts,  4. 

temperature  of  carbonization  with,  43. 

thickness  of,  38. 
Clegg's  continuous  stoking  machinery,  5,  71. 
Clegg,  Samuel,  one  of  the  chief  pioneers  of  gas  hghting,  2. 
Cleland's  slow  speed  condenser,  79. 
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Oeland  and  Korting's  steam  jet  exhauster,  88. 
Coal,  10  ti>  29. 

analyses  of«  12  to  14. 

anafysis  of  the  ash  of  a  good  Newcastle,  14. 

anthracite  or  glance^  11. 

ash  m>  12,  13,  14. 

bituminous^  11. 

"brasses"  in,  15. 

brown  or  lignite,  12. 

caking,  11. 

carlxm  in,  12,  13. 

cherry,  11. 

chief  ingredients  of  which  it  is  composed,  12,  13. 

chief  kinds  of,  11,  12. 

coke,  production  of,  from,  12  to  14. 

Cumberlandjt  11. 

Derbyshire,   11,  13. 

deterioration  of,  by  exposure,  15. 

gases  occluded  in,  20. 

geological  position  of,  10. 

glance  or  anthracite,  11. 

Gloucestershire,  11,  13. 

hydrogen  in,  12. 

in  hot  climates,  deterioration  of,  18. 

iron  pyrites  in,  15,  19. 

Lancashire,  11,  12. 

lignite  or  brown,  12. 

measures,  area  of,  in  the  United  Kingdom,  11. 

nitrogen  in,  12^  13. 

Newcastle,  12. 

oxygen  in,  12,  13. 

I)arrot  or  cannel,  11. 

production  of  coke  ^m,  12,  13,  14. 

products,  390  to  403. 

Scotch,  11,  13. 

sheds,  18. 

Somersetshire  and  other,  11. 

specific  gravity  of,  12  to  14,  25. 

splint.  11.    . 

Staffordshire,  11. 

storage,  18. 

sulphur  in,  12  to  15. 

testing,  21. 
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CoBX-'^ontinued 

value  of,  in  pounds  of  sperm,  28. 

volatile  matter  in,  12  to  14. 

Welsh,  11,  13. 

Wigan,  12. 

yield  of  sulphate  of  ammonia  per  ton,  378. 

Yorkshire^  11. 
Coating  and  painting  of  gasholders,  171. 

of  main  pipes,  205. 
Coefficients :    Cost  of  gas-works,  429  to  435. 
Cockey's  apparatus  for  raising  purifier  lids,  121. 

washer-scrubber,  100. 
Coke  and  breeze,  370. 

breaking  hammer^  370,  371. 

breaking  machinery,  370,  371. 

slaking  or  quenching  of,  52. 

sulphur  in,  15. 

weight  per  cubic  yard,  27. 
Coloured  fires  for  illumination,  349  to  351. 

blue  or  Bengal,  350. 

crimson,  350. 

green,  350. 

IQac,  349.  ' 

mixing  the  ingredients  for,  351. 

purple,  349. 

red,  350. 

white  Indian,  351. 

yellow,  349. 
Colours  of  high  temperatures,  43. 

used  in  mechanical  and  architectural  drawing,  464. 
Colson  on  the  bye-products  from  a  ton  of  tar,  373. 
Columns,  height  of  lamp,  252. 
Combined  atmosphericad  and  water  condenser,  80. 
Combustion,  temperature,  explosive  power,  and  mechanical  power  of 

gases,  413. 
Commercial  and  structural  value,  427. 
Common  names  of  certain  chemical  substances,  408,  409. 
Corajjarison  of  Fahrenheit's,  Reaumur's,  and  the  Centigrade  thermo- 
meters, 83,  84. 
Compensating  meters,  260. 

Hunt'i^^  261. 

Sanders  and  Donovan's,  260,  261. 
Urquhart's  "Reliance,"   261. 

Warner  and  Cowan's,  260. 
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Composite  UokB,  159. 

CkmipodUonof  gaalimeaiiditauaeinagriG^dtiir^         888. 

Compositimi  pipes,  286. 

CoaiGrete  and  mortar,  444, 445. 

Concrete  tanks,  147,  159. 

Condensation,  72  to  80. 

expansion  of  air  and  permanent  gases  by  heat,  75. 

extent  of,  72. 

loss  cd  illmninatine  property  in  ooal  gaa  on  exposure  to  the 
temperature  <d  fremng  point,  72. 

mean  temperature  of  every  tenth  day  in  the  year,  76. 

naphthalene,  formation  of,  73w 

rapid  or  sudden  aa  well  as  excessive,  72. 

rektive  effects  of  water  and  air  aa  coding  agents,  80. 

rules  for  calculating  the  area  required  for  atmospherical  con* 
densadon,  80. 

temperature  as  affecting  registration,  75. 
Condensers,  76  to  84. 

Aitken  and  Young^s  analyzer,  82. 

annular  atmospherical,  78. 

area  required  for,  rule  for  calculating,  80. 

battery  or  tubular,  79. 

bye-pass  mains  and  valves  for,  101. 

carburetting,  82. 

Cleland's  slow-speed,  79. 

combined  atmospherical  and  water,  80. 

dry  scrubbers  as  condensers,  81. 

Graham's  horizontal,  77. 

horizontal  atmospherical,  76,  77. 

Kirkham  and  Wright's  annular,  78. 

Pelouze  and  Audouin,  81. 

precipitating  chambers,  81. 

St.  John  and  Rockwell  apparatus,  82. 

tubular  or  battery,  79. 

underground,  81. 

vertical  atmospherical,  78. 

Warner's  annular,  78. 

water  channel,  80. 
Condensable  hydrocarbons,  72  to  75. 
Conducting  heat,  relative  power  of  metals  for,  417. 
Connecting  pipes  for  purifiers,  123. 
Consumers'  gas-meter,  259  to  279. 

apparatus  required  for  testing,  264. 

compensating,  260. 

2  K 
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Consumers'  gas  meters — continuedi 

dilatation  of  gaa  in  contact  witb  wat^er,  279. 

diy  meter,  description  of  the,  259. 

effect  of  over-driving  the  meter  ^eel,  261. 

Greenall  and  Heaton's  "  Positive/'  262. 

Himt's  meter,  261. 

inspection  of,  262. 

percentage  tables  for  testing,  266  to  279. 

protection  of  from  frost,  262. 

provisions  of  sales  of  Gas  Act,  1859,  as  to  stamping,  264. 

sizes  of  meters  desiraUe  to  be  used,  261. 

testing,  264. 

XJrquharts  "  Reliance,"  261. 

Warner  and  Cowan's,  260. 

wet  meter,  description  of  the,  259. 
Consumption  and  pressure,  197. 
Consumption  of  gas  by  one  burner  per  montii  and  for  12  months,  257. 

of  gas  per  head  of  population,  427. 

of  gas  per  mile  of  main,  427. 
Contraction  of  cast-iron  pipes  in  cooling,  202^ 
Cooking,  use  of  gas  for,  368. 
Copper  bronze  powder,  288. 
Corrections  for  temperature,  pressiu*e,  and  mcHsture,  312,  319,   320l 

in  consumption  of  gas  and  standard  candle,  319. 
Cost  of  gas  works,  429  to  435. 
Counterbalancing  of  gashcdders,  166. 
Cowan's  automatic  changer,  195. 

governor^  195. 

ventilating  globe  lights,  283. 
Coze's  system  of  inclined  retorts,  5,  36,  37. 
Crimson  coloured  fire,  350. 
Crosle/s  pressure  and  exhaust  registers,  133. 
Crossley  Brothers'  "  Otto  "  gas-engine,  9. 
Cubic  foot  measiure,  one-twelfth  Beferees',  315. 
Cumberland  coal,  11. 
Cyanogen  recovery,  383. 

D-shaped  retorts,  38, 39. 

Dalton  and  Tire's  table  of  aqueous  vapour  in  gas,  339. 

Damp  or  wet  coals,  result  of  using,  18. 

Damper  to  control  draught,  49. 

Day  and  night,  rule  to  find  the  length  of,  256. 

Dedgallon  and  septem,  475. 
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Decimal  and  fracbianal  parts,  467. 

DeG^mal  ^tem  of  weights  and  meaeures,  481  to  486. 

Dempster^s  exhauster,  o6. 

Denayrouze  burners  for  street  lighting,  255. 

Density  of  various  gases,  343. 

Deposition  of  carbon  in  retorts,  51. 

Derbyshire  coals,  11,  13. 

Deterioration  of  coal  by  exposure  to  weather,  15. 

in  hot  dimateSj  18. 
Devices  for  pubUc  illuminations,  347,  352  to  367. 

o^oured  fires,  349  to  351. 

illmninated  borders,  349. 

prices  of,  348. 
Devonian  rocks,  10. 
Diameters,  etc.,  table  of,  471  to  474. 
Dibdin's  10-candle  pentane  argand,  327  to  330. 
Differential  or  district  governors,  196,  197. 
Dilatation  of  gas  in  contact  with  water,  279. 
Dimensions  of  the  principal  materials  in  gasholders  in  actual  working, 

175  to  192. 
Dinsmore  system  of  gas  making,  54. 
Dip  in  the  hydraulic  main,  64. 
Dip^pipes,  59,  60,  64. 
Dip-well  for  sealing  pipes,  101. 
Disc  for  testing  illuminating  power,  811,  819 
Discount  for  early  payment  of  gas  bills,  460. 
Distance  apart  of  public  lamps,  253. 
District  or  differential  governors,  196^  197. 
Donkin's  exhauster,  86. 
Double  retort  benches,  31. 

Douglas's  instructions  for  preparing  concrete,  143. 
Draught  and  flues,  49. 
Drawmg  papers,  sizes  of,  464. 
Drip  or  syphon  wells,  205,  210. 
Drory's  main  thermometer,  82. 

Drum  or  measuring  wheel  of  meter,  130,  131,  259  to  261. 
Dry  meter,  description  of  the,  259. 
Dry  or  stand-pipe  weUs  for  gasholder  tanks,  144. 
Dry  scrubbers  as  condensers,  81. 
Drying  gas,  effect  of,  73,  74. 

Diilong  on  the  burning  of  hydrogen,  carbon,  and  carbonic  oxide,  50. 
Duration  of  retorts,  42  to  44. 
Durham  coal,  11,  12. 
Dvorkovitz  system  of  coal  gas  enrichment  345. 
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Earths,  natural  slope  of,  139. 

and  rocks,  weight  of  various,  139. 
"Edipse"  washer-scrubber,  97,  99. 
Effect  of  overdriving  a  meter  wheel,  261. 

of  SDOLall  and  bad  pipes  and  fittings,  279. 
Elementary  substances,  table  of,  404. 
Elevated  tar  and  liquor  dstem,  102. 
Elevating  af)paratus  for  purifying  material,  115,  116. 
Engine  and  boiler,  steam,  88  to  90. 

gas,  368. 
Enrichment  of  coal  gas,  344,  345. 

carburetted  water  gas,  345. 

Dinsmore  sy^^em,  54. 

Dvorkovitz  system,  345. 

Maxim-Clark  system,  344. 

Peebles  process,  344. 

Whessoe-Munidi  method,  345. 
Epitome  of  mensuration,  465  to  467. 
Equivalents  of  English  money,  foreign  and  colonial,  487. 
Evans*  calorific  power  of  various  photogenic  compounds,  412. 

enclosed  photometer,  317. 
Evaporation  from  water-shde  pendants,  to  prevent,  282. 
Evils  attending  the  use  of  small  pipes,  etc.,  244,  279. 
Examples  of  construction  of  gasholders,  175  to  192. 

of  gasholder  tanks,  149  to  166. 
Excavations  for  gasholder  tanks,  135  to  139. 
Exhausters,  85  to  88. 

advantages  of  using,  85, 

Allen's  Beale's,  86. 

Anderson's,  86. 

Beale's,  85. 

bye-pass  mains  and  valves  for,  101. 

CHeland  and  Korting's  steam  jet,  88. 

Dempster^s,  86. 

Donkin's    Beale's,  86. 

governor  for,  88. 

Gwynne's   Beale's,  86. 

rotatory  and  reciprocating,  85,87. 

Waller's,  86. 
Expansion  joints  for  main  pipes,  204. 

of  air  and  permanent  gases  by  heat,  75. 

of  liquids  in  volume  from  32  deg.  to  212  deg.  Fahr.,  417. 

of  metals,  417. 
Experimental  governor,  318. 

meter,  317. 
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Explosions  in  mam  pipes,  213. 

Falireinliat  theirmometer  compared  with  Beaumur^s  and  the  Centi' 

grade,  83,  84. 
Faaja  on  Portland  cement^  144. 
Farmer's  rule,  relation  between  production  per  ton  and  illuminating 

power,  29. 
Fiddes'  analyses  of  coals,  13. 

proposed  light  standard,  325. 
Fire^day,  437,  438. 

constituenta  of  the  chief  English  and  foreign,  438. 

retorts,  38. 
Fire  or  grate  bars,  56. 
Fires^  ooloured,  for  illiiminations,  349  to  351. 
Fittings,  internal,  279  to  291. 

service,  242  to  251. 
Flange  joints  for  main  pipes,  202,  204,  205. 
Fletcher  (Thomas),  application  of  gas  to  industrial  uses,  9. 
Floor,  retort  house,  33. 

ground^  31. 

stage,  31. 
Flues  and  draught,  49. 
Fluxes  for  soldering,  287. 
Force  and  velocity  of  the  wind,  453. 

Foreign  and  other  (proposed)  home  standards  of  light,  324  to  331. 
Foreign  equivalents  of  English  money,  487. 
Forms,  460  to  463. 

authority  to  pay  dividends,  462. 

certificate  showing  that  income-tax  has  been  deducted,  463. 

declaration  for  loss  of  sealed  share  certificates,  461. 

indemnity  for  loss  of  share  certificates  or  dividend  warrant,  462. 

of  proxy,  463. 

renouncement  of  proposed  new  issue  on  the  transfer  of  old  shares, 
460. 

renunciation  of  shares  newly  allotted,  461. 
Foulis's  stoking  machinery,  5,  71. 
Fractional  parts  and  equivalent  decimals,  467. 

FranMand  (Professor)  on  the  volumes  of  various  gases  absorbed  by 
100  volumes  of  water,  100. 

on  variations  in  illuminating  power,  335. 
Eraser's  ribbed  iron  retorts,  38. 
Freezing  of  water  in  gasholder  tanks  and  cups,  170. 

oi  water  in  governor  tanks,  196. 
Freezing  point,  loss  of  illuminating  property  in  coal  gas  on  exposure 
to  the  tonperature  of,  72. 
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Prench  Caroel  lamp,  324. 

standard  unit  of  heat,  414. 

weights  and  measures,  475  to  487 
Prost^  protection  of  meters  during,  262. 

pubUc  lights  during,  253. 
Fuel  for  carbonizing,  52,  53. 

tar  as,  52,  53. 
Furnace  gases,  analysis  of,  51. 
Furnaces,  generator  and  regenerative,  retort,  38,  44. 

Gadd's  principle  of  guiding  holders,  8,  169. 

Galvanized  pipes,  243. 

Ga6  and  air,  expansion  of  by  heat,  75. 

cost  price  of  coal  gas,  420. 

dilatation  of,  in  contact  with  water,  279. 

increase  in  iUxuninating  power  by  drying,  73,  74. 

loss  of  illmninating  property  in,  on  exposure  to  the  temperature 
of  freezing  point,  72. 

selling  price  of  coal  gas,  420. 

value  of,  per  cubic  foot  in  grains  (^  sperm,  27. 
Gas-engine,  368. 
Gas  industry  of  the  United  Kingdom,  the,  418  to  427. 

initiation,  development  and  progress,  418. 

illuminating  power  of  gas,  419. 

cost  price  of  gas,  420. 

selling  price  of  gas,  420. 

capit^  employ^,  420. 

the  "  auction  clauses,"  424. 

the  "  sliding  scale,"  425. 

sundry  useful  notes,  426. 
Gas  production,  30. 
Gaseous  hydrocarbons,  72. 
Gases  ooduded  in  coal,  20. 

various,  their  specific  gravity,  weight,  and  solubility  in  water,  409 
Gasholders,  166  to  192. 

at  the  South  Metropolitan  Works,  7. 

at  Windsor  Street,  Birmingham,  8. 

capacity  of,  174. 

counterbalanced,  166. 

dimensions  of  the  principal  materials  in,  175. 

examples  of  construction  of,  175  to  192. 

painting  of,  171. 

precautions  to  be  observed  in  the  working  of,  170. 

pressure  of,  to  ascertain,  173. 
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Gasholders— continii^. 

recipe  for  coating,  171. 

rise  in  the  crown  of,  167. 

single  hft,  166,  175  to  182. 

telescopic,  166,  182  to  192. 

trussed  and  imtrussed  roofs,  167. 

weight  of,  to  ascertain,  172. 

without  upper  guide  framing,  168. 
Gasholder  tanks,  134  to  166. 

annular  or  ring,  134, 139,  164. 

Arson  (M.)  on  masonry  walls  of,  145. 

brick  and  puddle,  139,  141, 145  to  158. 

cast,  wrought  iron  and  steel,  134,  139, 144,  148, 161. 

cement  mortar  for,  143. 

composite,  159. 

concr^  147,  159. 

Douglas's  instructions  for  preparing  concrete,  143. 

dry  wells,  144. 

examples  of  construction  of,  149  to  166. 

excavations  for,  135,  139. 

Faija  on  Portland  cement^  144. 

hydraulic  hme  mortar  for,  142. 

leakage  of  water  from  iron,  144. 

materials  of  which  tanks  are  constructed,  139. 

natural  slope  of  earths,,  139. 

Pole  (Dr.)  on  masonry  walls  of,  145. 

puddle,  day  for,  144. 

steel,  163. 

stone,  139,  160. 

thickness  of  walls  of,  145. 

weight  of  various  earths  and  rocks,  139. 

wroughtriron,  139, 148, 162. 
Gas  lime,  387  to  389. 

its  composition,  and  use  in  agriculture,  387  to  389. 

results  obtained  by  applying  certain  manures  to  land,  389. 
Gas  managers,  golden  rules  for,  428. 
Gas  meters,  consumers',  259  to  279. 

apparatus  required  for  testing,  264 

compensating,  260. 

dilatation  of  gas  in  contact  with  water,  279. 

dry,  description  of  the,  259. 

effect  of  overdriving  the  measurin£f  wheel  of,  261. 

Greenall  and  Heafcon's  "  Positive^'  meter,  262. 

Hunt's  compensating,  261. 
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Gas  meters — continued. 

inspectiaa  of,  262. 

percentage  tables  for  use  in  testing,  266  to  279. 

protection  of,  from  frosty  262. 

provisions  of  Sales  of  Oas  Act,  1859,  as  to  stamping,  264. 

Sanders  and  Donovan's,  260,  261. 

sizes  of,  desirable  to  be  used,  261. 

testing  of,  264. 

to  ascertain  the  number  of  lights  a  meter  wiU  supply,  281. 

Urquhaii's  "Reliance,"  261. 

Warner  and  Cowan's,  260. 

wet,  description  of  the,  259. 
Gas  production,  30. 
Gas  works,  buildings  and  af^paratus  of  a,  422. 

capital  of,  420  to  424. 

cost  of,  427. 

design  of,  422. 

ornamentation  in,  422. 

site  for  a,  426. 
Gas  Works  Clauses  Act,  1871,  on  testing  for  illuminating  power,  818. 

on  testing  for  purity,  293. 
Gauges,  pressure,  132  to  134. 

coloured  water  for,  132. 

differential,  132. 

Bang's,  132 

Referees'  street  lamp,  313. 

to  clean  the  glass  tubes  of,  133. 
Generator  and  regenerative  furnaces,  38,  44. 

Siemens',  45. 

Webber  on,  45. 
Glance  or  anthracite  coal,  11. 
Glass  for  public  lamps,  weight  and  thickness  of,  256. 
Globe  and  sun  lights,  ventimtdng,  283. 
Gloucestershire,  coals,  11, 13. 
Glue  cement  to  resist  moisture,  291. 
Gold  bronze  powders,  or  aiurum  mosaicum,  288. 

lacquer,  290. 
Golden  rules  for  gas  managers,  428. 
Governor,  district  or  differential,  196,  197. 

Exhauster,  88. 

experimental,  318. 

for  internal  fittings,  285. 

PeebWs,  196,  197. 

pressure  and  consumption,  197. 
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Govemor,  station,  192  to  196. 

adyaataces  of  the,  192. 

BraddocSfs,  193  to  195. 

oonstrucfcion  of  tha,  192. 

Cowan's,  195. 

Cowan's  automatic  pressure  changer  for,  195. 

freezing  of  water  in  tanks  of,  196. 

Hartley's  improvemeats  ux,  194. 

Hunt's,  195. 

Peebles's,  194. 

steam  stove  for  governor  house,  196. 

valves  useless  as  governors  of  pressure,  192. 

variations  of  pressure  acoordi^  to  kvel,  196. 
Graduated  bar  of  photometer,  317,  318. 
Graham^s  horizontal  oondenaeT,  77. 
Grate  bars  and  bearers,  56. 
Gravity,  spedfic,  and  weight  of  various  substances,  454,  455. 

to  convert  into  Twaddel,  378. 
Green  bronze,  288. 
Green  coloured  fire,  350. 
Greenall  and  HeaUm's ''  Positive  "  meter,  262. 
Greville  on  the  testing  of  anunoniacal  liquor,  379. 
Gwjnne's  Beale's  Exhauster,  86. 

H  or  bridge  pipes,  59,  64,  65. 
Hammer  for  breaking  coke,  370,  371. 
Handy  multiplier  for  wrought-iron,  446. 

rule  for  finding  the  content  of  a  pipe  in  gallons  and  cubic  feet, 
241. 
Haroourt's  aerorthometer,  322. 

odour  test,  296  to  301. 

proposed  pentane  gaa  standard  Ught,  326  to  331. 
Harrison  and  Sheard's  apparatus  for  testing  gas  fitting,  282. 
Hawkins'  method  of  carburetting  air  used  in  purification,  110. 
Heat-conducting  power  of  metals,  417. 

expansion  of  air  and  permanent  gases  by,  75. 

specific,  of  solids  and  liquids,  416. 
Heating,  use  of  gas  for,  368. 
Heats  of  combustion  with  oxygen,  414. 
Heats  of  retorts,  43. 
Height  of  brackets  and  chandeliers,  282. 

of  lamp  odumns,  252. 

of  retort-house  chimneys,  50. 
Hemp  ropes,  to  find  the  weight  of,  452. 
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Henry  (Dr.),  inveiitor  of  purification  by  lime,  2. 

table  of  quality  of  gas  at  different  periods  of  distillation,  26. 
Hilk  (F.  C.)t  and  purification  by  oxide  of  iron,  6. 

experiments  on  purification  by  means  of  aniTnonia,  113. 
Hislops  process  for  calcining  spent  lime,  105. 
Holders,  gas,  166  to  192. 

capacity,  174. 

coimterbalanoed,  166. 

dimensions  of  the  principal  materials  in,  175. 

painting  of,  171. 

precautions  to  be  observed  in  the  working  of,  170. 

pressure  of,  to  ascertain,  173. 

recipe  for  coating,  171. 

rise  in  the  crown  of,  167. 

single  lift^  166,  175  to  182. 

telescopic  166,  182  to  192. 

trussed  and  untrussed  roofs,  167. 

weight  of,  to  ascertain,  172. 

without  upper  guide-framing,  168. 
Homontal  burners,  objectionable,  282. 

condensers,  76,  77. 
Hooirs,  number  ci,  during  which  gas  is  usually  burned,  258. 
Hughes's  classification  of  limestones,   124. 
Hulett'a  service  cleanser,  243. 
Hull  s  table,  showing  geological  position  of  coal,  10. 
Hunt's  Binningham  Corporation  gasholders,  8. 

compensating  meter,  261. 

station  governor,  195. 
Hutchinson's  lamp  service  cleanser,  255,  256. 

street  service  cleanser,  243,  244. 
Hydraulic  centre-valve,  122. 
Hydraulic  lime  mortar  for  gasholder  tanks,  142. 
Hydraulic  lute  for  purifier  covers,  119. 
Hjdrauhc  main,  60. 

dip  in  the,  64. 

sizo  of  the,  60. 

the  '*  Livesey,"  60. 
Hydrocarbon  and  other  gases  and  vapours,  61  to  69. 
HydrocarU^ns  absorbed  by  indiarrubber  tubing,  285. 

condensablej  62. 

gaseous,  62 

volatile,  62. 
Hydrogen  in  coal,  12,  13. 
Hydrometer,  Beaum6's,  380,  381. 
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Hydrometer — continued. 

Twaddel's,  378  to  380. 

nuiiiinatiiig  power,  309  to  321. 

and  specific  gravity  of  gas,  336. 

and  value  of  gas  in  grains  of  sperm,  27. 

apparatus  for  testi^  the,  309,  317. 

Bunsen  photometer,  317,  318. 

calculations  for  corrections  in  the  consmnption  of  gas  and  the 
standard  candle,  320* 

candle  balance  and  weights,  318. 

corrections  for  temperature  and  pressure,  312,  320. 

disc  for  testing,  311,  319. 

experimental  governor,  318. 

experimental  meter,  317. 

from  different  coals  and  cannels,  16,  17. 

graduated  bar  of  photometer,  317,  318. 

impurities  and,  292. 

instructions  of  Beferees  on  testing  for,  309  to  312. 

King's  pressure  gauge,  318. 

Kirkham  and  Sugg^s  scale  for  jet  photometer,  333. 

Letheby-Bunsen  photometer,  317,  318. 

loss  of,  on  exposure  to  freezing  pointy  72. 

Lowe's  jet  photometer,  332. 

mode  of  testing  for,  309,  318. 

pressure  and,  285. 

Beferees'  1-1 2th  cubic  foot  measure,  315. 

standard  burners  for  testing,  317,  318. 

standard  sperm  candle,  317,  319. 

statutory  regulations  for  testing,  318. 

S^g^s  illuminating  power  meter,  333,  334. 

Su^s  photometer  table,  321. 

tihermometer  and  barometer,  318. 

Thorpe  and  Tasfcer's  jet  photometer,  334. 

throughout  the  coimtry,  419. 

variations  in  the,  335. 

various  proposed  standards  of  lights,  324. 
Bluminating  power  meter,  333,  334. 
Illumination  devices,  347,  352  to  367. 

Brunswick  stars,  348. 

coloured  fires,  349  to  351. 

crowns,  garlands,  plumes,  scrolls,  etc.,  347,  348. 
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niumination  devioes — continued. 

iUuminatied  borders,  349. 

letters,  single  and  double  lined,  348. 

mode  of  supply  and  chafse  for  gas,  346. 

service  or  supply  pipes,  347. 
Illuminations,  public,  346  to  367. 
Impurities  and  illiuninating  power,  in  coal  gas,  292. 

tests  for  the  detection  of,  292  to  307. 
Incandescent  burners  for  street  lighting,  255. 
Inclined  retorts,  '5,  36,  37. 
India-rubber  tubing,  absorption  of  tbe  hydrocarbons  by,  285. 

varnish  for,  286. 
Ingredients,  chief;  of  which  coal  is  composed,  12,  13. 
Inspection  of  consmners'  meters,  262. 
Instaruotions  for  pr^>aring  concrete,  143. 

of  the  Looidon  Gas  Referees,  301. 
Internal  fittings,  279  to  291. 

absorption  of  the  hydrocarbons  by  india-rubber  tubing,  285. 

Bra/s  ventilating  ^lobe  lights,  283. 

burners  in  the  horizontal  position,  objectionable,  282. 

Cowan's  ventilating  globe  lights,  283. 

effect  of  small  and  bad  pipes  and  fittings,  279. 

globes  and  moons,  284. 

handy  rule  for  estimating  the  number  of  burners  for  lighting 
large  buildings,  284. 

Harrison  and  Sheard's  apparatus  for  testing  fittings,  282. 

height  of  diandeliers  and  brackets,  282. 

lighting  of  ordinarjr  rooms,  282. 

Peeble's  "  Needle"  governor  burner,  285. 

pressure  and  illuminating  power,  285. 

regulations  as  to,  280  to  282. 

regulator  or  governor  for,  285. 

salad  oil  in  water  slide  pendants,  to  prevent  evaporation,  282. 

sizes  and  lengths  of  pipes  for  nmnber  of  lights  supplied,  281. 

sizes  of  meters  for  number  of  lights  suppUed,  281. 

Strode's  ventilating  sun  light,  283. 

Sugg^s  ventilating  globe  Hghts,  283. 

varnish  to  prevent  the  escape  of  gas  through  india-rubber 
tubing,  286. 

ventilating  globe  and  sun  lights,  283. 

ventilation  of  rooms,  283. 

Welsbach  incandescent  lighting,  284. 

Wenham's  regenerative  lamp,  283. 

Wrightfs  "Acme"  regulating  burner,  285. 
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Iraii  and  hrass,  mixture  for  turning,  287. 

breaking  weight  of  ropes  of  iron  and  steel  wire,  452. 

contraction  of  cast-iron  in  cooling,  202. 

corrugated  iron  roofing,  450. 

flat  bar,  446. 

handy  multiplier,  for  wrought^  446. 

hoop  iron,  449. 

lineal  e3q>ansion  of  metals^  417. 

nuts  and  bolt  heads,  450. 

round  bar,  446. 

safe  load  on  chains,  451. 

sheet  iron  and  steel,  447. 

square  bar,  447. 

steel,  447,  448. 

taper  angle-iron  of  equal  sides,  450. 

taper  T-iron,  450. 

to  resist  the  action  of  fire,  453. 

weight  of  a  sphere  one  inch  in  diameter,  449. 

weight  of  a  superficial  foot  of  iron,  448. 

weight  of  chams,  451. 

Whitworth's  screws  with  angular  threads,  451. 
Iron  and  steel  gasholder  tanks,  134,  139,  144,  148,  161. 

leakages  of  water  tromy  144. 
Iron,  lead,  and  composition  pipes  for  internal  supply,  281. 
Iron,  oxide  of,  purification  by  means  (^,  106,  107. 
Iron  pyrites  in  coal,  15,  19. 
Iron  retorts,  4,  38,  43. 

dimensions  of,  38. 

duration  of,  44. 

Fraser's  ribbed,  38. 

scurfing  of,  44. 

temperature  suitable  for,  44. 

weight  of,  38. 
Jet  photometers,  331  to  334. 

Lowe's,  332. 

scale  for,  333. 

Thorp  and  Taaker^s,  334. 
Jet,  steam,  exhauster,  88. 
Jointing  retort  mouthpieces,  57. 
Jointing  space  in  main  pipes,  199. 
Joints  of  main  pipes,  8. 

service  pipes,  242. 

Eay's  ball  and  socket  joint  for  mains,  204. 
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Keatea'  moderator  lamp  as  a  propoeed  standard  of  light,  325. 
Kilns  for  lime  bunung,  126  to  129. 
*' Kunberley  "  joint  for  wrought-iron  main  pipes^  207. 
King's  (Alfred)  pressure  gauge,  308. 

turned  and  bored  joints  for  main  pipes,  8. 
Kirkham  and  Sugg^s  improved  LoWs  jet  photometer,  332. 

scale  for  jet  photometer,  333. 
Kirkham  and  Wright's  annular  condenser,  78. 
Kirkhajn,  Hulett,  and  Chandler's  washer-scrubber,  97,  98. 
Korting  and  Cleland's  steam  jet  exhauster,  88. 

Lacquer  and  varnish,  289  to  291. 

deep  gold,  290. 

fine  pale,  290. 

gold,  290. 

green,  291. 

iron,  291. 

red.  290. 

simple  pale,  290. 

yellow,  291. 
Lacquering  brasswork,  291. 

Lanung's  eroeriments  dn  purification  by  means  of  ammonia,  113. 
Lamp,  the  Uarcel,  324. 

Keates'  moderator,  325. 
Lamp  columns,  252. 

distance  apart  of,  253. 

height  of,  252. 

size  of  pipe  in,  253. 
Lamps,  street,  252. 

average  meter  system  for,  256. 

Bray's,  253,  254. 

r^^ulalors  for,  255,  256. 

Siemens's,  253,  254. 

Sugg's,  253,  254. 

supply  of  gas  to,  255. 

thickness  and  weight  of  glass  for,  256. 
Lancashire  coals,  11,  12. 
Law  terms,  463,  464. 

Laycodc  and  Clapham's  washer^crubber,  97,  99. 
Layers  of  purifying  material  in  purifiers,  119. 
Lead  and  composition  pipes,  286. 

lengths  and  weight  per  yard,  286. 
Lead,  molten,  209. 

red  and  white,  205,  209. 

weight  of,  for  jointing  mains,  210. 
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Lead  paper,  to  prepare,  293. 

Lead  rings  £<»:  flange  jointB,  205. 

Lead  service  pipes,  242. 

Leakage  in  boilers,  cement  for  stopping,  90. 

indicator,  Lyon's,  215,  216. 

main  pipes,  214. 

of  water  from  iron  gasholder  tanjksi  144, 

service  pipes  and  fittings,  243,  244. 
Leases,  terms  for,  463. 

Length  of  day  and  niglit,  rule  to  find  the,  256. 
Letheby  (Dr.),  composition  of  London  gas  (1866),  410. 

method  of  determining  the  speofio  gravity  of  gas,  337. 

combustion,  temperature,  explosive  power,  and  mechanical  power 
of  gases,  413. 

0^  proportion  of  products  from  coal  tar,  373. 

on  purification  of  gas,  109. 

on  values  of  different  illuminating  agents,  412. 
Letheby-Bunsen  photometer,  317,  318. 
Lewes  (Professor),  on  the  light  emitted  from  globes,  284. 

composition  of  London  gas  (1894),  411. 

h^t  obtained  per  cubic  foot  from  16-candle  gas,  411. 
Lids  and  lid  fasteners  for  retorts,  57,  58. 

retort,  luting  for,  58. 

purifier,  apparatus  for  raising,  120  to  122. 

self-seahng  retort^  58. 
Lifting  apparatus  for  purifier  covers,  120  to  122. 
Lights  loss  <^,  through  mudng  air  with  gas,  336. 
Light,  standards  of,  309  to  331. 
Lighting  of  large  buildings,  284. 

of  ordinary  rooms,  282. 

pubHc,  252  to  258. 
Li^ta,  coloured,  349  to  351. 

nmnber  of,  suppUed  by  different  diameters  and  lengths  of  pipe, 
244. 

number  of,  suppUed  by  different  sized  meters,  280,  281. 

ventilating  globe  and  sun,  283,  284. 
Lignite  or  brown  coal,  12. 
Liho-coloured  fire,  349. 
Lime,  104  to  106,  124  to  129. 

burning,  125. 

Q8,  or  spent,  387. 

Hislap's  process  for  calcining  spent,  105. 

hydnuilic,  142. 

kihis,  126  to  129. 
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lAme—^orUinued, 

preparation  of,  for  purifying,  105. 

purification  by,  104. 

quantity  of,  required  to  purify  the  gas  obtained  from  cannel 
and  coal,  106. 

quick,  105. 

weight  and  measurement  of,  106. 
lime  water,  to  prepare,  293. 
Limestones,  classification  of,  124. 

their  composition  and  specific  gravity,  124,  125. 
Liquids,  expansion  of,  417. 

Liquids,  solids,  vapours  and  gases,  specific  heat  of,  415,  416. 
Liquor,  ammoniacal,  375  to  381. 
Litmus  paper,  to  prepare,  292. 
Livesey  and  Tanner^s  tar  screen,  64. 
Livese/s  experiments  in  purification  by  ammonia,  113. 

gasholder,  without  guide  framing,  7,  168. 

hydraulic  main,  60. 

hydraulic  seal,  170. 

scrubber,  93. 

South  Metropolitan  gasholders,  7. 

washer,  92. 
London  Argand,  No.  1,  Sugg's,  310. 
London  gas,  composition  of  (1866),  410. 
ditto  (1894),  411. 

London  Oas  Referees'  l-12th  cubic  foot  measure^  315* 

instructions  for  testing,  301. 

pressure  gauge,  313. 

sulphur  test,  293,  305. 
Loss  of  illuminating  property  in   coal  gas    on  exposure   to  freezing 
point,  72. 

of  light  on  mixing  air  with  gas,  336. 
Lute  or  seal,  depth  of,  for  purifier  covers,  119. 
Luting  for  retoit  lidsj  58. 

of  joints  in  chemical  experiments,  410. 
Lux's  speofic  gravity  apparatus,  342. 
Lyon's  leakage  indicator,  215,  216. 

Machinery  used  for  charging  and  discharging  retorts,  71. 

used  for  coke  breaking,  370,  371. 
Main,  hydraulic,  dip  in  the,  64. 
Main  laying,  208  to  213. 

appliances  used  in,  211. 

average  cost  per  yard  of,  217,  218. 
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Main  pipes,  197  to  241. 

appliances  used  in  laying,  211. 

average  cost  per  yard  of  laying,  217,  218. 

ball  and  socket  joints  for,  204. 

casting  of,  197. 

coating  of,  205. 

discluurge  of  gas  per  hour  through,  229  to  241. 

dimensions  of  sockets  of,  201. 

drip  or  syphon  wells  for,  209,  210. 

expansion  joints  for,  204. 

explosions  in,  213. 

flaDged  joints  of,  202,  204,  205. 

formula  for  calculating  the  weight  of,  198. 

iron  or  rust  cement  for  joint  of,  211. 

jointing  space  in,  199. 

joints  of,  8. 

**Kimberley"  joints  for  wrought-iron,  207. 

laying  of,  208. 

leakage  ^m,  214. 

Lyon's  leakage  indicator  for,  215,  216. 

metal  of,  197. 

open  joints  for,  199,  203,  209. 

overweight  in,  198. 

recess  for  lead  in  front  of  turned  joint,  201,  203. 

red  and  white  lead  for  joints  of,  205,  209. 

should  be  drilled,  not  cut,  for  the  insertion  of  the  service  pipes, 
243. 

testing  of,  197. 

testing  of,  in  the  ground,  214  to  216. 

turned  and  bored  joints,  8,  200,  201,  203. 

vulcanized  india-rubber  joints  for,  204. 

weight  and  cost  per  yard  of,  219  to  227. 

weight  of  lead  required  for  jointing,  210. 

wrought  iron  and  steel,  207. 
Mains,  consiunption  of  gas  per  mile  of,  427. 

population  per  mile  of,  427. 

rental  per  mile  of,  427* 
Main  thermometer,  Dror/s,  82. 
Malam's  arrangement  of  purifiers,  115,  118. 

improvements  in  the  wet  gas  meter,  C. 
Mann's  scrubber,  95. 
Masonry  tank  walls,  141,  145  to  161. 
Mastic  cement  for  buildings,  445. 
Materials  in  gasholders,  dimensions  of,  175. 

of  which  gasholder  tanks  are  constructed,  139. 

2l 
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Mean  temperature  of  every  tenth  day  in  the  year,  76. 
Measure,  Referees'  cubic  foot,  317. 
Measuring  wheel  or  drum  of  a  meter,  130,  131,  259. 
Measures  and  weights,  475  to  487. 

decimal  system  of,  481  to  486. 
Maxim-Clark  system  of  carburetting  coal  gas,  344. 
Mechanical  and  architectural  drawing,  colours  used  in,  464. 
Melting  points,  table  of,  417. 
Memoranda,  chemical  and  other,  404  to  417. 

miscellaneous  articles,  455,  456. 

office,  457  to  464. 

relating  to  water,  415. 
Mensuration,  epitome  of,  465  to  474. 

approximate  multipUers,  469. 

arithmetical  and  algebraical  signs,  468. 

drde,  cylinder,  and  sphere,  465. 

diameters,  circumferences,  areas  of  circles,  and  sides  of  equal 
squares,  471  to  474. 

elHpses,  cones,  and  frustums,  467. 

evolution,  or  the  extraction  of  roots,  468. 

involution,  or  the  raising  of  powers,  468. 

square,  rectangle,  and  cube,  466. 

triangles  and  polygons,  466. 
Metals,  expansion  of,  417. 

heat,  conducting  power  of,  417. 

power  of,  for  reflecting  heat,  417. 
Meter,  average  system,  for  pubUc  lighting,  256.  / 

station,  129  to  131. 
Meiers,  consmners',  259  to  279. 

apparatus  required  for  testing,  264. 

compensating,  260. 

dry  meter,  description  of  the,  259. 

effect  of  overdriving  a  measuring  wheel,  261. 

Greenall  and  Heaton's  "  Positive/'  262. 

Hunt's  compensating,  261. 

inspection  of,  262. 

Parkinson's  motive  power,  263. 

percentage  tables  used  in  testing,  266  to  279. 

prepayment,  263. 

protection  of,  from  frost,  262. 

provisions  of  Sales  of  Gas  Act,  1859,  as  to  stampmg,  264. 

Sanders  and  Donovan's,  260,  261. 

size  of  meters  desirable  to  be  used,  261. 

sizes  of  meter  unions,  table  of,  264. 
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Meters — contintted. 

testing  of,  264, 

Urquhart's  "ReKance,"  261. 

Warner  and  Cowan's,  260. 

wet  meter,  description  of  the,  259. 
Methven's  proposed  standard  of  light,  325. 
Meyer  and  Playfair  (Brs.),  on  the  gases  occluded  in  coal,  20. 
Miller's  table  of  amount  and  specific  gravity  of  gas  at  different  periods 

of  distillation,  26,  27. 
Millboard  for  jointing  flanges,  204. 
Miscellaneous  articles,  memoranda,  455,  456. 
Mixing  of  air  and  gas,  effect  of,  336. 
Mixing  the  ingredients  for  coloured  fires,  351. 
Mixture  for  tinning  brass  and  iron,  287. 
Moderator  lamp,  Keates',  325. 
Moisture,  corrections  for,  338  to  340. 

glue  cement  to  resist,  291. 

in  coal,  effects  of,  15, 18. 

Moon's  rising  and  setting,  256. 
Mortar  and  concrete,  444,  445. 

blue  Has  lime  concrete,  445. 

cement  mortar,  444. 

coarse  mortar,  444. 

hydraidic  lime  mortar,  444. 

mastic  cement  for  buildings,  445. 

Portland  cement  concrete,  445. 
Morton's  self-sealing  retort  lids,  5- 
Motive  power  gas-meter,  263. 
Motive  power,  use  of  gas  for,  368. 
Mountings  of  retort  bench,  54  to  61. 

bridge  pipes,  59,  64,  65. 

buckstaves,  54,  55. 

coke  slaking  apparatus,  54,  55. 

dip  pipes,  59,  60. 

furnace  ash  pans,  55,  56. 

hydraulic  main,  60. 

lids  and  lid  fasteners,  56  to  58. 

retort  mouthpieces,  56,  57. 
Mouthpieces,  retort,  56,  57. 
Multiplier  for  wrought-iron,  446. 
Multipliers  for  facilitating  calculations,  469. 
Murdoch  (William),  and  the  invention  of  gas  lighting,  1. 
Muriate  of  ammonia,  375. 
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Naphthalene,  73  to  75. 

Bremondon,  73. 

deposits,  remedies  for,  74- 
Natund  slope  of  earths,  139. 
"Needle"  governor  burner,  Peebles's,  285. 
Newcastle  coals,  11,  12. 
New  red  sandstone,  10. 
Night  and. day,  to  find  the  length  of,  256. 
Nitrogen  in  coal,  12,  13. 
Northumberland  coal,  11,  12. 

Number  of  bricks  in  walls  of  different  areas,  439  to  443. 
Number  of  burners  required  to  Ught  large  rooms,  284. 
Number  of  hours  during  which  gas  is  usually  burned,  258* 

Objections  to  burners  placed  horizontally,  282. 
Odling  (Dr.)  on  purification,  108. 
Office  memoranda,  457  to  487. 

approximate  multipUers,  469,  470. 

arithmetical  and  algebraical  signs,  468. 

authority  to  pay  dividends,  462. 

books  required  in  the  keeping  of  a  gas   company's   accounts, 
457  to  460. 

certificates  showing  that  income-tax  has  been  deducted,  463. 

colours  used  in  mechanical  and  architectural  drawing,  464. 

declaration  for  loss  of  sealed  share  certificates,  461. 

discount  for  early  payment  of  gas  biUs,  460. 

epitome  of  mensuration,  465  to  467. 

French  weights  and  measures,  481  to  486. 

indemnity  for  loss  of  share  certificates  or  dividend  warrant,  462. 

law  terms,  463. 

renouncement  of  proposed  new  issue  on  the  transfer  of  old 
shares,  460. 

renunciation  of  shares  newly  allotted,  461. 

sizes  of  drawing  paper,  464. 

terms  for  leases,  463. 

weights  and  measures,  475  to  487. 
Ohren  on  the  appHcation  of  sulphate  of  ammonia  in  agriculture,  385. 
Oil,  salad,  to  prevent  evaporation  from  water  slide  pendants,  282. 
Old  red  sandstone,  10. 
Ornamentation  in  Gas-Works,  422. 
"  Otto,"  the,  gas-engine,  9. 
Oval  retorts,  38,  39. 

Ovens  and  retorts  of  fire  bricks  and  tiles,  39. 
Oxidation  of  pipes,  205,  243. 
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Oxide  of  iron,  106. 

average  composition  of  native  bog  ore,  107. 

precautions  required  in  using  fresh,  107. 

purification  by,  6,  106. 

spent,  386. 
Oxygen,  in  coal,  12,  13. 

pure,  use  of  in  purification,  110  to  112. 

Paper  disc  for  testing  gas,  311,  319. 
Paper,  lead,  to  prepare,  293. 

litmus,  to  prepare,  292. 

timneric,  to  prepare,  292. 
Paper,  sizes  of  drawing,  464. 
Parkinson^s  motive-power  gas-meter,  263. 
Parrot  or  cannel  coal,  11. 

Patterson's  (R.  H.),  discoveries  in  purification,  106,  109,  112. 
Pavement,  tar,  374. 

Pease's  system  of  wire  rope  gearing  for  gasholders,  8,  169. 
Pedet's  table,  showing  the  relative  effects  of  water  and  air  as  cooling 

agents,  80. 
Peebles's  district  or  differential  governor,  196,  197. 

"  Needle  "  governor  burner,  285. 

station  governor,  194. 
Peebles  process  of  enriching  coal  gas,  the,  344. 
Pendants  evaporation  from  water  slide,  282. 
Pentane  gas;  Dibdin's  10-candle  argand,  328. 

Harcourt's  proposed  standard  lamps,  326,  330. 
Percentage  of  error  in  meters,  table  of,  266  to  279. 
Permian  series,  10. 
Photometer,  Bunsen's,  317,  318. 

Evans'  enclosed,  317. 

iUiuninating  power  meter^  Sugg's,  333,  334. 

Letheby-Bimsen,  317. 

Lowe's  jet,  332. 

Thorp  and  Tasker's  jet,  334,  335. 
Pipes  and  fittings,  effect  of  small  and  bad,  279. 

sizes  of,  for  internal  supply,  281. 
Pipes,  ascension,  choking  of,  59. 

brass,  plain,  spirsd  and  fiuted,  286. 

bridge  and  dip,  59,  60,  64,  65. 

connecting,  for  purifiers,  123. 

galvanized,  243. 

lead  and  composition,  286. 

main,  197  to  241. 

service,  242  to  251. 
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Playfair  and  Meyer  (Drs.),  on  the  gases  occluded  in  coal,  20. 
Pole  (Dr.),  on  gasholder  tank  Walls,  146. 
Population  per  mile  of  main,  427. 
Portland  cement,  144,  200. 

concrete,  444. 

mortar,  445. 
Pouillef  B  table  of  colours  corresponding  to  high  temperatures,  43. 
Powders,  bronze,  288* 

size  for,  289. 
Precautions  required  in  the  working  of  gasholders,  170. 
Precipitating  chambers,  81. 
Prepayment  gas-meter,  9,  263. 
Pressure  changer,  Cowan's  automatic,  195. 

Braddock's,  194,  195. 
Pressure,  consumption  and,  197. 

illuminating  power  and,  285. 

variation  of,  according  to  level,  196. 
Pressure  gauges,  132  to  134. 

coloured  water  for,  132. 

differential,  132. 

King^s,  132. 

Referees'  street  lamp,  313. 

to  dean  the  glass  tubes  of,  133. 
Pressure  and  exhaust  registers,  133,  134. 

Cowan's,  134. 

Crosle/s,  133. 

Wright's,  134. 
Pressure  and  temperature,  corrections  for,  312,  320* 
Pressure  of  gasholders,  to  ascertain,  173. 
Pressures,  square  root  of,  from  1-1 0th  to  4  inches,  240. 
Price  list  of  wrought-iron  tubes  and  fittings,  250,  251. 
Producing  power  of  various  kinds  of  coals  and  cannels,  16,  17. 
Production  of  coke  from  coal,  12  to  14,  16,  17. 

of  gas  from  coal,  16,  17. 

per  retort  mouthpiece,  43. 
Products,  coal,  390  to  403. 

residual,  370  to  389. 
Protection  of  meters  from  frost,  262. 
Public  illuminations,  346  to  367. 

coloured  fires,  349  to  351. 

devices  for,  347,  352,  to  367. 

illuminated  borders,  349. 

mode  of  supply  and  price  of  gas,  346. 

price  of  devices,  348. 
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Public  illuminations — continued, 

service  or  supply  pipes,  347. 
Public  lighting,  252  to  258. 

average  meter  system  for,  256- 

consumption  of  gas  by  one  burner  throughout  the  year,  257. 

Denayrouze  incandescent  lights,  255. 

distance  apart  of  public  lamps,  253. 

during  severe  frost,  253. 

galvanized  pipes  for  lamp  columns,  253. 

height  of  lamp  columns,  252. 

Hutchinson's  lamp  service  cleanser,  255,  256. 

lamp  columns,  252. 

niunber  of  hotirs  during  which  gas  is  usually  burned,  258. 

rule  .to  find  ti^e  length  of  day  and  night,  256. 

size  of  service  pipes,  253. 

Sugg's,  Bray's,  and  Siemen's  lamps  and  burners,  253,  254. 

weight  and  thickness  of  glass  for  public  lamps,  256. 
Puddle  and  brick  gasholder  tanks,  144. 
Puddle,  clay,  144. 
Purification,  103  to  115. 

bog  ore,  average  composition  of,  107. 

by  ammonia  in  closed  vessels,  112  to  115. 

by  caustic  soda  and  siQphide  of  sodium,  112. 

by  lime  (oxide  of  caldiun),  104* 

by  lime,  sulphide  of  calcium,  and  oxide  of  iron,  combined,  107. 

by  oxide  of  iron,  106. 

Brin's  process,  110. 

Clans'  process  of,  113. 

classification  of  Uie  best  known  limestones,  J24. 

extraction  of  bisulphide  of  carbon,  107. 

instructions  for  preparing  lime  for  purifiers,  105. 

method  of  revivification  of  oxide  of  iron,  in  situ,  109. 

Hislop's  process  for  calcining  the  spent  lime,  105. 

impurities  in  crude  coal  gas,  103. 

Letheby  (Dr.)  on,  109. 

Odling  (Dr.)  on,  108. 
Patterson's  (R.  H.)  researches  in,  106,  109,  112. 

precautions  required  in  using  fresh  oxide  of  iron,  107. 

removal  of  impurities  by  condensers,  washers,  and  scrubbers, 
104. 

use  of  air  in,  109. 

use  of  oxygen  in,  110. 

weight  and  measurement  of  lime,  106. 
Purifiers,  115  to  124. 
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'Pvxi&eTB— continued, 

apparatus  for  raising  the  lids  or  covers,  120  to  122. 

centre  and  other  change  valves,  122. 

construction  and  arrangement  of,  115  to  118. 

depth  and  best  form  of,  116,  117. 

depth  of  water  lute,  119. 

Malam's  arrangement  of ,  115,  118. 

number  of  layers  of  purifying  material,  119. 

rule  for  determining  the  size  of,  119. 

sieves,  trays,  or  grids,  for  lime  and  oxide  of  iron,  120. 

size  of  connecting  pipes,  123. 

water  lute  for  covers  and  hydraulic  centre  valve,  119. 
Purifying  house,  115  to  118. 

arrangement  of  115. 

elevator  for  lime  and  oxide,  115,  116. 

ventilation  of,  115. 
Purple  coloiured  fire,  349. 
Pyrites,  iron,  in  coal,  15,  19. 
Pyrostatic  iron,  453. 

Quantity  of  ash  in  coal  and  coke,  12  to  14,  16,  17. 
brickwork  in  retort  settings,  40. 

carbon,  hydrogen,  nitrogen,  and  oxygen  in  coal,  12,  13. 
gas,  and  coke  obtained  from  coal  and  cannel,  16,  17. 
gas,  per  ton,  and  illuminating  power,  relation  between,  29. 
of  sulphur  in  coal,  12,  13,  16,  17. 
volatile  matter  in  coal,  12,  13. 

Radiation  from  retort  bench,  42. 
Rake  for  discharging  retorts,  70. 
Rapid  or  sudden  condensation,  72- 

Reaumur's  thermometer  compared  with  Fahrenheit's  and  the  Centi- 
grade, 83,  84. 
Recipe  for  tinning  iron  and  brass,  287. 
Reciprocating  and  rotatory  exhausters,  85  to  87. 
Red-coloured  feres,  350. 
Referees :   I-12th  cubic  foot  measure,  315. 

instructions  of  the,  301. 

on  aqueous  vapour  in  gas,  74. 

pressure  gauge  for  street  lamps,  313. 

remarks  on  dry  gas,  74. 

sulphur  test,  305. 
Reflecting  heat,  power  of  metals  for,  417. 
Regenerative  and  generator  furnaces,  5,  38,  44  to  49. 
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Regenerative  and  generator  furnaces — continued, 

Webber  on,  45. 

or  gas  firing,  5,  38,  45  to  49. 
Registers,  pressure  and  exhaust,  133,  134. 

Cowan's,  134. 

Crosle/s,  133. 

Wright's,  134. 
Registration  as  affected  by  temperature,  75. 
Regulating  burner,  Wrighfs  "Acme,"  285. 

Peebles's  "  Needle,"  285. 
Regulations  as  to  internal  fittings,  280  to  282. 

statutory,  as  to  testing,  292,  318. 
Regulator  or  governor  for  internal  fittings,  280  to  282. 
Rdation  between  quantity  of  gas  per  ton  and  illuminating  power,  29. 
Relative  value  of  (Cerent  coals  and  cannels,  28,  29. 

illuminating  agents,  412. 
"Reliance"  meter,  261. 
Rental  per  mile  of  mains,  427. 
Residual  products,  370  to  403. 

ammoniacal  liquor,  375  to  381. 

average  percentage  products  obtained  from  coal  tar,  373. 

coke  and  breeze,  370  to  372. 

coke  breaking  hammer  and  machinery,  370,  371. 

coke  produced  from  different  coals,  12,  13,  16,  17. 

coke,  weight  of  a  chaldron  of,  455. 

coke,  weight  of,  slaked  and  unslaked,  52. 

CysLHOgea,  383. 

retort  carbon,  51,  370,  392. 

Sellers  on  coke  br^iking,  370. 

spent  lime,  387. 

spent  oxide  of  iron,  386. 

sulphur  recovery,  Claus's  system,  382. 

tar,  372. 

tar  pavement,  374. 

total  production  of  tar  and  ammoniacal  liquor  in .  the  United 
Kingdom,  372,  375. 

utilization  of  the  tar,  372. 

yield  of  liquor  an'd  tar  per  ton  of  coal,  24,  27. 

yield  of  sulphate  of  ammonia,  378. 
Retort  house,  30  to  35. 
Retorts  and  settings,  38  to  49. 

cast-iron,  4,  38,  43. 

cements  for  joining  clay  retorts  and  mouthpieces,  57,  58. 

clay  retorts,  38. 
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Betorts  and  settings — continued, 

colours  corresponding  to  various  high  temperatures,  43. 

different  forms  of,  39. 

dimensions  of  retorts  and  settings,  38,  41. 

duration  of  clay  and  iron,  42  to  44. 

fire-brick  retorts,  39. 

fines  and  draught  for,  49. 

Eraser's  ribbed  iron,  38. 

fuel  used  for  carbonizing  coal  in,  52  to  54. 

"gaiting"  retorts,  42. 

heat  of  retorts  for  efficient  carbonization,  43. 

hints  on  the  setting  of,  40  to  42. 

"letting  down"  and  "standing  off"  of,  42. 

materials  of  which  retorts  are  made,  38. 

quantity  of  brickwork  in  retort  settings,  40. 

regenerative  and  generator  furnaces  for,  5,  38,  44  to  49. 

scurfing  retorts,  51  • 

6^;mental,  39. 

setting  of  retorts,  41. 

single  retorts,  39. 

tar  as  fuel  for,  52  to  ^4. 

thickness  of,  38. 

"through"  or  double  retorts,  40. 

usual  number  of  retorts  in  an  oven,  41. 
Ketort  bench  moxmtings,  54  to  61. 

ascension  or  stand  pipes,  58,  59. 

bridge  and  dip  pipes,    59,  64,  65. 

buckstaves,  54. 

cements  for  jointing  retorts,  mouthpieces,  and  lids,  57,  58. 

coke  slaking  arrangements,  54,  55. 

dry  mains,  65. 

furnace  ash-pans,  55,  56. 

furnace  frames  and  doors,  53,  56. 

grate  bars,  56. 

hydraulic  main,  60. 

lids  and  hd  fasteners,  57. 

mouthpieces,  56. 

self-sealing  lids,  58. 

tie  rods,  56. 
Betort  house,  30  to  35. 

chimney  stalk  for,  50. 

clear  space  in  front  of  benches,  33. 

dimensions  of,  34. 

for  inclined  retorts,  33,  34. 


GAS   ENGINEERS    AND   MANAGERS.  523 

Retort  house — continued, 

paying  of  floor  of,  33. 

roof  of,  35. 

rule  for  the  size  of  chimneys,  50. 

ground  floor,  30,  31. 

stage  floor^  32. 

ventilation  of,  32. 
Retort-house  tools  and  machinery,  70,  71. 

ash-pan,  rake,  and  shovel,  70. 

auger,  70. 

charging  scoop,  70. 

Clegg's  arrangement  for  continuous  carbonization,  5. 

discharging  rake,  70. 

machinery  for  charging  and  discharging  retorts,  71. 

pricker  and  fire  tongs,  70. 

shovels,  70,  71. 
Retort  stacks  35. 

buckstaves  and  tie  rods  for,  54. 

buttress  walls,  36. 

chimney  stalk,  50. 

coke  slaking  arrangements  on,  54. 

dimensions   of,  35. 

for  inclined  retorts,  36. 

main  flue  of^  36. 
Ring  or  annular  tanks,  134,  139,  164. 
Rocks  and  earths,  weight  of  various,  139. 
Roofs  of  retort  houses^  35. 
Rooms,  lighting  of  large,  284. 

ordinary,  282. 
Ropes,  hemp  and  wire,  452. 

breaking  weight  of,  452. 

weight  and  strength  of^  452. 
Roscoe  (Professor)  on  the  proportion  of  products  obtained  from  coal 

tar,  373. 
Rotatory  and  reciprocating  exhausters,  85  to  87. 
Round  ropes  of  hemp  and  wire,  452. 

retorts,  38,  39. 
Rule  for  area  of  atmospherical  condensation,  80. 

for  estimating  the  number  of  burners  required  for  lighting 
large  buildings,  284. 

for  area  of  purifiers,  119. 

for  roughly  estimating  the  amoimt  of  coal  required  to  produce 
a  given  quantity  of  gas,  27. 

for  size  of  retort-house  chimney  stalk,  50. 
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Rule — continued. 

specific  gravity  being  known  to  find  weight  and  quantity  of 
gas,  342. 

to  ascertain  the  weight  of  gasholders,  172. 

to  calculate  the  discharge  of  gas  through  main  pipes,  229. 

to  calculate  the  required  size  of  service  pipes,  246. 

to  determine  the  capacity  of  station  meters,   130. 

to  find  the  content  of  a  pipe  in  gallons  and  cubic  feet,  241. 

to  find  the  length  of  day  and  night,  256. ' 

to  find  the  hours  of  sunrise  and  simset,  256. 

to  find  the  pressure  of  gasholders,  173. 

to  find  the  weight  of  hemp  ropes,  452. 
Rules  for  Gas  Managers,  golden,  428. 

to  convert  Fahrenheit  into  Reaxunur  and  Centigrade,  and  con- 
versely, 83. 

St.  John  and  Rockwell  apparatus,  82. 

Sal  ammoniac,  398,  401. 

Salad  oil  in  water  slide  pendants  to  prevent  evaporation,  282. 

Sales  of  Gas  Act,  1859,  provisions  of,  as  to  stamping  meters,  264. 

Salubrity,  comparative,  of  different  illuminating  agents,  411. 

Sand  for  mortar^  142  to  144,  444. 

Sanders  and  Donovan's  compensating  meter,   260.  * 

Saturation,  testing  ammoniacal  Hquor  by,  379. 

Scale  for  Lowe's  jet  photometer,  333. 

Scoop  for  charging  retorts,  70. 

Scotch  coal,  11, 13. 

Scrubbers,  92  to  101. 

Anderson's  combined  washer  and,  100.  ' 

Barker's  mill  for  distributing  water  in,  95. 

bye-pass  mains  and  .valves  for,  101. 

diy  scrubbers  as  condensers^  81. 

filling  material  for  the,  92. 

Green's  canvas  screens  for,  93. 

Kirkham,  Hulett,  and  Chandler's  "  Standard  "  washer-scrubber, 
97,  98. 

Laycock  and  Clapham's  "Eclipse"   washer-scrubber,    97,  99. 

Livesey's  improvements  in  the,  93. 

Mann's,  95. 

number  of  volumes  of  various  gases  which  100  volumes  of  water 
can  absorb,  100. 

open,  81. 

quantity  of  ammoniacal  liquor  obtained  to  outlet  of,  375. 

rule  for  determining  the  size  of  tower,  96. 
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Scrubbers — continued. 

tower,  92. 

water  distributing  apparatus  for  the,  94. 
Scurfing  retorts,  51. 
Self-seaJdng  retort  lids,  58. 
Sellers  on  colre-breaking,  370. 
Separator  for  tar  and  ammoniacal  liquor,  102. 
Septem  and  dedgallon,  475. 
Service  pipes  and  fittings,  242  to  251. 

abrupt  angles  to  be  avoided  in,  243. 

processes  for  preserving,  243. 

casing  for,  when  laid  in  ground,  242. 

caat-iron,  wrought-iron,  and  lead,  242. 

Cowan's  service  cleanser,  243,  244. 

diameter  of,  to  supply  lights  at  certain  distances  from  mains, 
244,  246  to  248. 

Hulett's  service  cleanser,  243. 

Hutchinson's  service  cleanser,  243,  244. 

leakage  from,  242,  243. 

pitch  of  the  Whitworth  taps  and  dies  for,  246. 

price  list  of,  250,  251. 

ozes  of,  for  supplying  lights,  244,  246  to  248. 

syphon  or  drip  well  for,  243,  249. 

tinned  or  galvanized,  243. 

to  calculate  the  required  size  of,  246. 

uniformity  in  the  screws  or  threads  of,  desirable,  246. 

weight  of  wrought-iron  tubes  and  fittings,  245. 
Settings,  retort,  40. 

Sheard  on  the  temperature  of  gas  in  the  retorts,  69. 
Sheard's  carbonic  acid,  ammonia,  and  sulphuretted   hydrogen  testing 

apparatus,  294  to  296. 
Sheds  for  the  storage  of  coal  and  cannel,  18. 
Shoubridge's  charging  apparatus  for  inclined  retorts,  37. 
Shovels,  retort  house,  70. 

Sides  of  equals  squares,  etc.,  table  of,  471  to  474. 
Siemens's  regenerative  furnaces,  45. 

street  lamps  and  burners,  253,  254. 
Signs,  arithmetical  and  algebraical,  468,  469. 
Silvering  metals,  mixture  for,  289. 
Single-lift  gasholders,  166,  175  to  182. 
Single  retort  benches,  30. 
Site  for  a  gas  works,  426. 
Size  for  bronze  powder,  289. 
Sizes  of  drawing  paper,  464. 
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Sizes  of  mains,  services,  meters,  and  internal  pipes  desirable  to  be 

avoided  and  used^  244. 
Slaked  and  unslaked  coke,  weight  of,  52. 
Slaking  arrangements  for  coke,  54,  55. 
Sliding  scale,  the,  425. 

Slope  of  earths  with  horizontal  line,  natural,  139. 
Sloping  retort  settings,  5,  36,  37. 
Slow  speed  condenser,  Cleland's,  79. 

Smith,  Seacock,  and  Tannett's  coke  breaking  machine,  370. 
Smith  (Watson),  on  the  bye-products  from  1200  gallons  of  tar,  373. 
Smith  (Graham),  on  mixing  ashes  with  lime  for  mortar,  445. 
Smithy  ashes  for  mortar,  445. 
Soldering,  fluxes  for,  287. 
Solders,  287. 

brazing  or  spelter,  287. 

fine,  287. 

for  copper,  287. 

glazing,"  287. 

pewterer's,  287. 

pliunbing,  287. 

steel,  287. 
Solids,  liquids,  gases,  vapours,  specific  heat  of,  415,  416. 
Solubility  in  water  of  various  gases,  100,  409. 
Solutions  to  prepare,  test,  292. 
Somersetshire  coals,  11. 

Somerville  and  Thomas's  coke-breaking  machine,  371. 
Specific  gravity,  of  coal,  and  to  determine  the,  12  to  14,  16,  17,  25. 

apparatus,  Lux's,  342. 

of  gas,  336  to  343. 

a  test  of  quaUty  of  gas,  336. 

Beaume's  hydrometer  compared  with,  381. 

corrections  for  temperature,  pressure,  and  moisture  in  taking, 
338  to  340. 

illuminating  power  and,  compared,  336. 

Letheby's  (Dr.)  method  of  determining  the,  of  gas,  337. 

Lux's  apparatus,  342. 

of  ammoniacal  liquor,  378  to  380. 

of  gases  at  end  of  each  hour  of  distillation,  27. 

of  limestones,  124. 

of  various  gases,  343. 

of  various  substances,  454. 

ordinary  method  of  determining  the,  of  gas,  336. 

specific  gravity  being  known  to  find  the  weight  of  a  quantity 

of  gas,  342. 
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Specific  gravity — continued. 

square  roots  of,  from, -350  to -700,  239. 

to  convert  Twaddel  into,  378. 

weight  and  solubility  in  water  of  various  gases,  100,  409. 

Wright's  method  of  determining  the,  of  gas,  341. 
Specific  heat  of  solids,  liquids,  gases  and  vapours,  415,  416. 
Spent  lime,  composition  and  use  of  in  agriculture,  387,  388. 

Hislop's  process  for  calcining,  105. 
Spent  oxide  of  iron,  386,  387. 

quantity  of  free  sulphur  in,  107,  386. 

salts  of  ammonia  and  insoluble  cyanides  i^,  386. ' 

Stephenson's  apparatus  for  ^timating  the  sulphur  in,  386, 387. 
Sperm  candle,  the  standard,  317,  319. 

Sperm,  value  of  coal  and  gas  in  pounds  and  grains  of,  27,  28. 
Spiral  and  fluted  brass  tube,  weight  per  foot,  286. 
Splint  coal,  11. 

Spontaneous  ignition  of  coal,  19. 

Square  roots  of  pressures  from  1-1 0th  to  4  inches,  240. 
Square  roots  of  the  specific  gravity  of  gas  from  *  350  to  •  700,  239. 
Stacks  retort,  35. 
Stacking  of  coal,  15. 
Staffordshire  coals,  11. 
Stage  floor  retort  houses,  31. 
St£^s,  rule  for  size  of  retort-house  chimn^,  50. 
Standard  burners,  31'7,  318. 

sperm  candle,  the,  317,  319. 

unit  of  heat,  50. 

washer-scrubber,  97,  98. 
Standards  of  hght,  foreign  and  proposed,  324  to  331. 

Carcel  lamp,  324. 

Dibdin  and  Harcourt^s  10-candle  pentane  standard,  327  to  330. 

Fiddes,  325. 

German  normal  paraffin  candle,  324. 

HarcoTirt's  pentane  standard,  326. 

Harcourt's  10-candle  pentane  lamp,  330,  331. 

Keates'  moderator  lamp,  325. 

Hefner-Alteneck  unit,  324. 

Methven's  standard,  325. 
Station  governor,  192  to  196. 

advantages  of  the,  192. 

Braddock's,  193  to  195. 

construction  of  the,  192. 

Cowan's,  195. 

Cowan's  automatic  pressure  changer  for,  195. 
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Station  governors — eontinued, 

freezing  of  water  in  tanks  of,  196. 

Hartley's  improvements  in,  194. 

Hunt's,  195. 

Peebles',  194. 

steam  stove  for  governor  house,  196. 

valves  useless  as  governors  of  pressure,  192. 

variations  of  pressure  according  to  level,  196. 
Station  meter,  129  to  131. 

bye-pass  mains  and  valves  for,  131. 

cylindrical  and  rectangular,  130. 

mountings  of,  130. 

registering  mechanism,  130. 

rule  to  determine  capacity  of,  130. 

tell-tale  apparatus,  130. 
Station  meter  house,  129. 
Statutory  regulations  for  testing,  292,  318. 
Steam  boiler  and  engine,  88. 

cement  for  metallic  joints,  90. 

cement  for  stopping  leaks  in  boilers,  90. 

diameters  of  cylinders  of  steam  engines,  89. 

horse  power  of  steam  boilers,  89. 
Steam  jet  exhauster,  SS. 
Steam  stove  for  governor  house,  196. 
Stephenson's  apparatus  for  estimating  the  stdphur  in  spent  oxide, 

386,  387. 
Stone  gasholder  tanks,  139,  160. 
Storage  of  coal  and  cannel,  18. 

of  gas,  166. 

tar  and  ammomacal  liquor,  101  to  103. 
Stove,  steam,  for  governor  house,  196. 
Strength  of  ammoniacal  liquor,  375. 
Strode's  ventilating  sun  lights,  283. 
Structiural  and  commercial  value,  427. 
Sudden  or  rapid  condensation,  72. 
Sugg's  argands  for  street  lighting,  9. 

flat-flame  burners,  9. 

illuminating  power  meter,  333,  334. 

London  argand,  No.  1,  313. 

photometer  table,  309,  318. 

regulator  burner,  285. 

street  lamps  and  burners,  253,  254. 

ventilating  lights,  283. 
Sulphate  of  ammonia,  375  to  379. 
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Sulphate  of  ammonia — continued. 

Arnold  on  the  application  of,  in  agricolture,  384. 

Ohren,  ditto,  385. 

yield  of,  per  ton  of  coal,  378. 
Sulphide  of  calcium,  purification  by,  107. 
Sulphide  of  sodium  and  caustic  soda,  purification  by,  112. 
Sulphur  compounds  in  gas,  test  for  the,  305. 
oulphur  in  cannel,  coal,  and  ooke,  12  to  17. 

spent  oxide  of  iron,  107,  386. 
Sulphur  recovery,  Claus's  process,  382. 
Sulphur  test,  the  Referees^  293. 

Harcourt's,  296  to  301. 
Sulphuretted  hydrogen,  test  for,  293,  300,  302. 
Sun  and  globe  Ughts,  ventilating,  283. 
Sundiy  useful  notes,  426,  427. 
Syphon  or  drip  wdls,  209,  210,  243,  249. 

Tanks,  gasholder,  134  to  166. 

annular  or  ring,  134,  139,  164. 

Arson  (M.),  on  majsonry  wails  of,  145. 

brick  and  puddle,  139,  141,  145  to  158. 

cast,  wrought-iron,  and  steel,  134,  139,  144,  148,  161» 

cement  mortar  for,  143. 

composite,  159. 

concrete,  147,  159. 

Douglas's  instructions  for  preparing  concrete,  143. 

dry  wells,  144. 

examples  oi  construction  of,  149  to  166. 

excavations  for,  135,  139. 

Faija  on  Portland  cement,  144. 

hydraulic  lime  mortar  for,  142. 

leakage  of  water  from  iron,  144. 

materials  of  which  tanks  are  oonstructed,  139. 

natural  slope  of  earths,  139. 

Pole  (Dr.),  on  masonry  walls  of,  145. 

puddle,  day,  for,  144. 

sted,  163. 

stone,  139, 160. 

thickness  of  walk  of,  145. 

weight  of  various  earths  and  rocks,  139. 

WToufhtriron,  139,  148,  162. 
Tanks  or  weUs,  content  of,  for  each  ^pot  in  depth,  103. 
Tar  and  liquor  separator,  102. 
Tar  as  fuel,  52. 
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Tax  ^continued. 

coal,  372. 

pttvement,  374. 

products  from,  373. 

utilizati(m  of,  373,  390. 

yield  of,  per  ton  of  ooaJ,  372. 
Tar  pavemeat,  374,  375. 

formation  of,  374,  375. 

furnace,  374. 

preparation  of  materials  for,  374. 
Tar  well,  101  to  103. 

capacity  of,  for  different  sized  works,  101. 

content  of  circular  wells  for  each  foot  in  depth,  103. 

dip  well  for  sealing  pipes,  101. 

elevated  cast-iron  dstem,  102. 

tar  and  liquor  separator,  102. 
Technical  quantities  of  miscellaneous  articles,  455. 
Telescopio  gaaholdars,  7,  166,  182  to  192. 

counter  balanced,  166. 

precautions  necessary  in  the  working  of,  170. 
Tell-tale  apparatus  for  station  meters,  130. 
Temperature  and  pressure,  corrections  for,  312,  320. 

as  affecting  registration,  75. 

for  carbonization,  43. 

of  day  retorts,  43. 

of  gas  in  the  bridge  pipe,  65  to  69. 

of  gas  in  the  retorts,  65  to  69. 

of  iron  retorts,  44. 
Temperatures,  colours  of  high,  43. 
Terms  for  leases,  eta,  463. 
Test,  Referees'  sulphur,  305. 
Testing  ammoniacal  liquor,  379. 

coal,  21. 

iUimiinating  power,  apparatus  for,  309,  317. 

instructions  of  the  Referees  on,  301,  309. 

of  main  pipes,  214. 

of  meters,  264  to  279. 

statutory  provisions  on,  292,  318. 
Tests  for  the  detection  of  the  impurities  in  coal  gas,  292  to  309. 

ammonia,  292. 

bisulphide  of  carbon,  296,  305. 

carbonic  acid,  292,  300. 

Gas- Works  Clauses  Act,  1871,  on,  293,  318. 

Harcourt*8  colour  test,  297  to  301. 
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Tests  for — continued. 

sulphur  compounds,  305. 

sulphuretted  hydrogen,  293,  300,  302. 

test  solutions,  to  prepare,  292. 
Thermal  unit  (British),  414. 
Thermometer  and  barometer,   used   in  testing   illuminating   power, 

318. 
ThermcHneter,  Drory's  main,  82. 
Thermometers,  comparison  of  different,  83,  84. 
Thickness  of  the  Birmingham  wire  gauge,  447. 
Thickness  of  gasholder  tank  walls,  145. 
Thomas  and  Somerville's  coke  breaking  machme,  371. 
Thorp  and  Tasker^s  jet  photometer,  334. 
Through  retorts,  40. 

Time  in  which  a  sum  doubles  itself  at  simple  and  compound  interest, 
480. 

in  which  consumption  of  gas  doubles  by  oompoimd  growth,  428. 
"Hnned  or  galvanized  iron  pipes,  243. 
Turning  iron  or  brass,  287. 
Tools,  retort  house,  70. 
Tower  scrubbers,  92  to  97. 

Trammel  used  in  the  construction  of  gasholder  tanks,  140. 
Trays  or  grids  for  purifiers,  120. 

Trias,  Permian  and  Carboniferous  series  in  England  and  Wales,  10. 
Trussed  and  untrussed  gasholder  roofs,  167. 
Tubes,  brass,  weight  per  foot,  286. 

wroughtriron  fittings,  and,  245. 

price  list  of,  250,  251. 
Tubular,  or  battery  condenser,  79. 
Turmeric  paper,  to  pr^>are,  292. 

Turned  and  bored  joints  for  main  pipes,  8,  200,  201,  203. 
Twaddei's  hydrometer,  378  to  380. 

to  convert  into  specific  gravity,  378. 

Underground  condensers,  81. 

Uniformity  in  the  screws  or  threads  of  pipes  and  fittings,  246. 

Unions  for  meters,  table  of,  264. 

Unit  of  heat,  standard,  50. 

Untrussed  and  trussed  gasholder  roofs,  167. 

Urquhart's  "  Reliance  "  meter,  261. 

Use  of  gas  for  purposes  other  than  lighting,  368,  369. 

Useful  notes  relating  to  gas- works,  418. 

buildings  and  apparatus  of  a  gas-works,  426. 

calorific  power  of  various  photogenic  compounds,   412. 
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Useful  notes — continued, 

capital  of  gas-works,  420. 

comparaidve  salubrity^  of  illuminating  materials,  411. 

conduct  of  gas-works,  423. 

consumption  of  gas  per  mile  of  main,  427. 

consumption  of  gas  per  heed  of  population,  427. 

cost  of  gas-works,  420,  427. 

golden  i^es  for  gas  managers,  428. 

London  gas,  ccnnpoaition  of,  410,  411. 

omamenta;tion  in  gas-works,  422. 

population  per  mile  of  main,  427. 

relative  value  of  illuminating  agents  in  respect  of  their  heating 
and  vitiating  effects  on  the  atmosphere,  411,  412. 

rental  per  mile  of  main,  427. 

site  for  a  gas-works,  426. 

time  in   which  the  yearly  consumption  of  gas  is   doubled   at 
different  rates  of  increase,  428. 
Usual  dimensions  of  bricks,  436. 
Utilization  of  tar,  372. 

Valon  on  the  use  of  oxygen  in  piirification,  112. 
Value  of  different  coals  and  cannels,  relative,  29. 

of  coal  per  ton  in  pounds  of  sperm,  28. 

of  gas  per  cubic  foot  in  grains  of  sperm,  27. 
Value,  structtural  and  commercial,  427. 
Valves  and  bye-pass  mains,  101. 
Valves,  useless  as  governors  of  pressure^  192. 
Valves,  centre  and  other  diange,  122. 
Vapours,  gases,  Uquids,  and  solids,  specific  heat  of,  415,  416. 
Variations  in  the  illuminating  power  of  gas,  335. 

of  gas  pressure  according  to  lev^  196. 
Varnish  and  lacquer,  289  to  291. 

golden,  290. 

for  indiarrubber  tubing,  286. 

for  iixmwork,  291. 
Various  gases :  their  specific  gravity,  weight,  and  solubility  in  water, 

409. 
Velocity  and  force  of  the  wind,  453. 
Ventilating  globe  and  sun  lights,  283. 
Ventilation  of  purifying  house,  115. 

of  stored  coal,  19. 
Vertical  atmoepherical  condensers,  77. 

Vitiating  effects  on  the  atmosphere,  of  various  illuminating  agents, 
411.  412. 
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Voelokeir^s,  analysis  of  gas  lime,  388. 

on  the  use  of  gas  lime  in  agricultiure,  388. 
Volatile  hydrocarbons,  62, 
Ydatile  matter  in  coal,  12  to  14. 
Volume  of  aqueous  vapour  in  gas  in  contact  with  water,  339. 

various  gases  which  100  volumes  of  water  will  absorb,  100. 
Vulcanized  indiarrubber  joints  for  main  pipes,  204. 

WaJker^s  purifying  machine,  100. 

sulphur  recovery  plaint^  382. 
Waller^s  exhauster,  86. 
Walls,  thickness  of  gasholder  tank,  145. 
Warner  and  Cowan^  meter,  260. 
Warner^s  annular  condenser,  78. 
Waaher  and  scrubber,  Anderson's  combined,  100. 
Washers,  90  to  92. 

advantages  of  using,  90. 

Anderson's^  91. 

Anderson's  combined  washer  and  scrubber,  100. 

bye-pass  mains  and  valves  for,  101. 

Cathels',  91. 

Cockey's,  100. 

Ford's,  100. 

Kirkham,  Hulett,  and  Chandler^s  washer-scrubber,  97,  98. 

Laycock  and  Cla^diam's  washer-scrubber,  97,  99. 

Livesey's,  92. 

Walk^s  purifying  machine,  100. 
Water,  dilatation  of  gas  in  contact  with,  279. 

leakages  of,  from  iron  gasholder  tanks,  144. 

memoranda   relating  to^  415. 

proportion  required  for  scrubbing  purposes,  96. 

and  air  as  cooling  agents  compai^,  80. 

and  atmospherical  condenser  comlaned,  80. 

channel  condenser,  80. 

distributing  apparatus  in  scrubbers,  94. 

in  governor  tanks,  freezing  of,  196. 

in  lutes  of  telescopic  holders,  freezing  of,  170. 

its  power  of  absorbing  ammonia,  92,  100. 
Webber  on  regenerative  and  generator  furnaces,  45. 
Week  valve,  3ie,  for  purifiers,  123. 
Weight  and  specdfic  gravity  of  ammoniaoal  liquor,  378,  380. 

brass  tube,  per  foot,  286. 

coal  and  cannel  per  cubic  yard,  27. 
composition  and  lead  pipes,  286. 
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Weight — continued, 

gaaholdens  172. 

nemp  ropes,  rule  to  find  the,  452. 

qpeofio  gravity  and  solubility  in  wato:  ci  various  gases,  100,  409. 

various  eBxihs  and  rocks,  139. 

various  gases,  343. 

various  sections  of  iron  and  other  metals,  446  to  452, 

various  substances,  454,  455. 

wire  and  hemp  ropes  to  find  the  breaking,  452. 

wroughtriron  tubes  and  fittings,  245. 
Weights  and  measures,  475  to  487. 

French  decimal  system,  481  to  486. 
Well,  dry,  for  gasholder  tank,  144. 

tar  and  Uquor,  101  to  103. 
Welsbach,  the,  system  of  incandescent  gas-lamps,  9,  255« 
Welsh  coals,  11,  13. 
Wenham's  r^enerative  lamp,  283. 
West's  stoking  machinery,  5,  71. 
Wet  meter,  description  oi  the,  259. 
Wet  or  damp  coal,  result  of  using,  18. 

Wheel  or  measuring  drum  of  a  meter,  130,  131,  259,  to  261. 
Whessoe-Munich  method  of  enriching  coal  gas,  345. 
White  and  red  lead,  205,  209. 
White  Indian  fire,  351. 
Whitworth's  screws,  246. 

taps  and  dies  for  gas  tubing,  246. 
Wigan  cannel  and  coal,  production  per  ton  of,  26. 
Williams  (Grerville)  on  proportions  of  products  from  coal  tar,  373. 
Wills'  method  of  teeting  ammoniacal  liquor,  379. 
Wilson  on  the  results  obtained  by  applying  certain  manures  to  land, 

389. 
Wind,  velocity  and  force  of  the,  453. 
Winsor,  a  pioneer  of  gas  lighting,  3. 
Wire  ropes,  weight  and  strength  of,  452. 
Wood  casing  for  service  pipes,  242. 
Wright's  "  Acme  "  regulatmg  burner,  285. 
Wright's  method  of  determining  the  specific  gravity  of  gas,  341 . 

pressure  register,  134. 
Wright  and  Kirkham's  annular  condenser,  78. 
Wrought-iron  gasholder  tanks,  139,  148,  162. 

main  pipes,  207. 

multiplier  for,  446. 

tubes  and  fittings,  weight  of,  245. 
Teadon  "  system  of  continuous  carbonization,  6. 
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Yellow  oaloured  fire,  349. 

Tidd  of  gas  and  ooke  of  various  coals  and  cannels,  16,  IT. 

Yield  of  sulphate  of  ammonia  per  ton  of  coal,  378. 

tar  per  ton  of  ooal,  372. 
Yoricshire  coals,  11. 
Young  and  Aitken's  analjier,  82. 
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THOMAS  Cl-OYER  ii  CCS' 

Patent  New  Improved 
Prepayment  Meter 

Sor   S^ennies,  Shillings,   or  any  Coin. 


SIMPLE  IN  HEGHANISH. 

POSITIVE  IN  RESULTS. 

PRICE  CHANGER  in  Situ. 


GUARANTEED  FOR  ME  TEARS. 


Teletfraphto  Addreu:   ««QOTHIC  LOHDOH.*' 

Telephoi^e  Ho.  m  Holborn. 


THOMAS   GLOVER  &   Co.,  Ltd., 

DRY   GAS-METER    MANUFACTURERS, 

214  to  222,  ST.  JOHN  STREET,  CLERKERVELL  GREER,  LORDOR,  E.C. 


MANCHESTER: 

87,   BLACKFRIABS  STREET. 

TOegrapMc  Addrtu:  '*  GOTHIC:* 

TKLXVHom  No.  8898. 

BIRMINGHAM: 

1,   OOZELLB    STREBT. 
TeUgraphie  Addreu  :  * « GOTHIC, *" 


BRISTOL: 

88,   BATH  STREET. 

TeUgraphie  Addren:   **  GOTHIC.'' 

TxLBPHONB  No.  1006. 

GLASGOW: 

ARGYIiB  WORKS,  KINNING  PARK. 
TeUgraphie  Addrese :    ^^GASMAIN:' 
TELKPHomB  No.  1635  South  Snw. 
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THE  GAS  APPARATUS  CO.,  PETERBOROUGH, 

GAS    ENGINEERS, 

Manufacturers  of  Gas  Burners,  Governors,  Lamps,  Gauges,  &o. 

AI.80  MLS  KAMXnrACTUBSBB  OV 

Hamkins  &  Balaton's  Patent  SelMlegalating  Iiamp  Goiref  hops  and  BnttMu 

An  enormotiB  qnantity  of  these  Bnroen  are  in 
nsp  in  this  counti^  and  abroad ;  and  they  have  nevw 
failed  to  give  eatisfaotion.  Wherever  they  are 
adopted,  complainte  against  Bad  Gas  and  Exoeedfe 
Gas  Bills  natnrally  oease.  Owing  to  their  extreme 
simplicity,  they  cost  very  little  more  than  the 
commonest  Burners  made,  and  will  last  years  witfa- 
ont  attention.  They  are  used  by  most  of  Uie  Bailway 
Companies  in  the  Kingdom.  They  are  the  only 
Governor  Burners  made  fitted  with  the  Union  Jet 
Tip.  Gas  Oomnaniee  and  Gas-Fitters  would  do  wdl 
to  recommend  these  Burners  to  their  Customers  as 
being  the  best  possible  means  of  preventing  waste 
of  Gas.  and  ensuring  the  highest  Illuminating  Power 
from  the  Gas  consumed. 

We  dive  thefottowing  EmtraoUfrom  Beporte  reeHved^  vU, : 
From  PBorxBsoB  Lakbbrt,  of  the  Boyal  Naval 

College,  Greenwich.  Jan.  U,  1801 

"I  have  given  one  of  your  Bnners  a  very  long  and  ooa- 
tinuoas  test.  It  has  been  used  daily,  and  is  Btill  in  use. 
I  am  pleftsed  to  say  that  it  has  never  required  attention  foe 
a  moment  during  the  long  period  amoanting  to  over  9100 
honrB'  actual  working.  It  is  the  cheapest  and  neatest  Oss 
Regulator  which  has  ever  been  broognt  to  my  notice,  and 
I  have  DOC  found  any  more  efDcient'* 

From  a  Gab  ENaiHSBa.  Jan.  7, 1806. 

*'  I  find  your  Governor  Burner  is  more  reliable  than  any 
other  to  gire  the  required  quantity." 

By  J.  MA0X4T,  Esq.,  Engineer. 

Gas-Works,  Peterhead,  July  18, 1880 
**  The  endoeed  Burner  has 
been  in  use  here  all  last 
winter,  and  does  not  seem 
much  the  worse.  We  had 
seven  different  kinds  of  OcTct^ 
nors  on  trial,  and  voorB  Bcemed 
to  come  out  the  best.  Please 
send  us  five  gross  more  of  the 
same  kind.'* 

The  following  appeared  P 
Tk4  Oai  and  Water  fiaetos  aa4 
Jawfud  qf  EUetrie  LigkHm§t 
Bent.  S,  1880:  *«  Hawkins 
and  Barton's  Belf-RegulatiBg 
Lamp  Governors  and  BumecB 
—We  have  had  an  opportunity 
of  testing  these  yery  excel- 
lent Governors  and  BumecB, 
and  quite  endorse  the 
makers*  statements  that  they 
thoroughly  control  preesore, 
glTC  an  even-shapeid  llamiL 
and  are  in  every  way  snitea 
for  burning  Gas  either  in  the 
public  lamps  or  private  housaa 
They  have  the  advantafe  of 
being  cheap  and  very  duranta." 


tie.  1006.         No.  1004. 

6/-  per  dos.        7/-  per  dos. 
Si/-  per  dos. 

Gentlemen,— I  have  tested  your  Hawkins  and  Barton's  Burners,  anal  have  no  hesitat&n  in  sayi^ 

that  they  are  the  best  Pressure-regulating  Gas-Bumera  I  have  vet  come  across,  and  I  shall  have  great 

pleasure  in  recommiending  them  to  our  consumers  and  my  friends.    I  enclose  cheque  in  payment  ollasl 

lot  received,  and  remain.  Yours  truly,        t  ^  «  ^  ^ «» 

The  Gas  Apparatus  Company,  Peterborough.  ^'  Mi«A"».  Bnfineer  and  ICanagSE. 

Liberal  dUeount  to  the  Trade,    Trial  Order  SoUHUd. 

Work!  and  OfDoes— PBXJEDXTJBOXrOVOK,    BM'OXiJLMIX 
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•HASKU-rajUtSOV,  BTomuniMB." 


H.  T«Uphoii«s 
Ho.  T,  BRBRLBT  BILL  UOHUiai. 


GAS  RETORTS 


OF   ALL    KINDS, 


HORIZONTAL. 


INCLINED,  ANo 


SEGMENTAL. 


'W         EVERY 


DESCRIPTION 


LARQE   STOCK  AT 
WORKS. 


OF  BEST  QUALITY 


FIRE-BRICKS, 


LUMPS,  AND  TILES. 


GLAZED     BRICKS,    WHITE    AND    IN    COLOURS, 
PORCELAIN   BATHS,    FIRE-CLAY   GOODS  OF    ALL 
KINDS,  HARD   BLUE   PAVING   BRICK  FOR  RETORT- 
HOUSES,  BEST  RETORT  BOLTS,  CAST-IRON  RETORT 
MOUTHPIECES,     FITTINGS,     AND     LIDS,     CAST-IRON 
GAS    AND    WATER  PIPES,  ANO  CONNECTIONS  QF  ALL 
SHAPES  AND  SIZES. 
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CLAPHAM  BROTHERS,  Ld., 

KEIGHLEY,  YORKS. 

ESTABLISHED    1837. 

CONTRACTORS  TO  HER  MAJESTY'S 
GOVERNMENT. 


LAYCOCK  &  CLAPHAM'8  PATENT 
"ECLIPSE" 

WASHER-SCRUBBER. 

Machines  supplied  will  deal  with 

a  total  of  92,670,000  cubic  feet 

of  Qas  per  day. 


"^GLJlPHAli  BROa.t 


GASHOLDER  TANKS, 

COLUMNS,   GIRDERS, 

LAMP-POSTS,  GUTTERS. 


RETORT-FITTINGS, 
PATENT  CONDENSER, 

PU  R I  Fl  E  RS    WITH  PLANED  JOINTS. 


London  Bepre90nt<Mve : 

THOMAS  B.  TOUMOBB,  OJS., 

OhMtorfleld  Hoost,  9S,  Grtat  Tover  StrMt. 


MamchMUr  BtjpmtnttMve : 

MAURICB  SCHWAB, 

96,  DeasitfaU. 


AHD   AUi    KIHD8  OF  OAB-MAKIHO  APPiSATUS  AMD  OEHBRAL  IROHWORK. 


QkS   ENOINSEBS   AN1>  MAMAd'EBS. 


GADD  &  MASON'S  Patent 

COLHMEESS  SPIRAL-6DIDED  GASHOLDERS. 


PLANED  PURIFIERS  OF  ANY  SIZE. 

PURIFYING-MACHINES  FOR  REMOVING  AMMONIA. 

GARBONIO   ACID  AND    TAR    EXTRACTING    WASHERS. 

SCRUBBERS. 
BUr^PJajLTB    Of    JLBKBKOMIA    PXiJLNT>. 

SELF-DISCHARGING  SATURATORS. 
CLAUS'   PATENT  SULPHUR-RECOVERY  PLANT. 

8ELF'8KALING  BETOBT^MOUTMriECES.    LIFTING 

ArJPABATUS.    CENTRE  AND  FOUR-WAT  VALVES. 

WECK'S    PATENT    CENTRE -VALVE. 

TAR-DISTILLING    PLANT.      CONDENSERS.      SLIDE-VALVES. 
WOOD    SIEVES.     TAR-BURNERS.       ROOFS.      GIRDERS. 
OniPPS'   PATmNT  GKiO   VALVE  AND   HYDRAUUO  MAIM  VALVm. 
HOLQATK'S  PATKNT  aAS^PURIFYING   PLANT. 

TYSOB'S  PATmNT  SMLP^SmALlNQ   MOUTHPtmOMS. 


C.  &  W.  WALKER, 

MIDLAND  IRON-WORKS,  DONNINGTON, 

NBAR   NEWfK>RT.    SHRORSHIRm. 

10,  FINSBURY    SQUARE,   LONDON. 

Tilt^aphte  Ad4rMMt:  •«rORTRBS8,  DonnfOTOH,  SALOP;**  ««rOSTKBS8,  LOMOH.?* 
OodM  UMdi  AAO.  (rowth  Idltton)  and  Al« 
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W.  C.  HOLMES  &  Co.'s 

PATENT  NEW"  SCRUBBER  WASHER 

In  Horizontal  or  Yertioal  Form  where  floor  ajea  Is  limited. 

SPECIIL  IITIITIfiEt. 

Removal  of  every  trace  of  Tar 

that  may  escape  Condensatioo 

in  the  Condensers. 

Complete  Extraction  of  Ammonia 

from  the  Gas  without  affecting 

the  Hydrocarbons. 

Minimum  quantity  of  fresh  water 
required. 

Maximum  strength  of  Ilqnor 
obtained. 

i     Removal  to  a  large  extent  of  the 
Sulphnrctted  Hydrogen  and 
Carbonic  Acid  Gas. 


Special  Note. 

A  Machine  constructed  for  1,500,000 
cubic  feet  of  Gas  per  diem  is  dealing 
efficiently  with  1.800,000  cubic  feet 
of  Gas,  equal  to  1500  cubic  fiset 
per  cubic  foot  gross  area  per  diem, 
giving  only  x  inch  back  pressure. 


worics:  HUDDERSFIELD. 


HOLMES,   HUDDCRSFICLD. 

**  leMXTOlT,  liOlISOS." 


Telegrams : 

London  Offioe:  80,  CANNON  STREET,  E.G.  ''"'^" 
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W.  C.  HOLMES  &  CO., 

Gas  Engineers  6t  Contractors 


-    MAKERS    OF   - 


GASHOLDERS  of  Improved  Construction  and  of  all  Sizes. 

GAS    AND    CHEMICAL    PLANT. 

UPSOYED  COSDEISERS.  TAR  EITRiCTORS,  SUDE  AHD  CEHTRE  YALYES. 

PURIFIERS    WITH   PLANED   AND   CEMENT  J0INT5. 


ROOFS,    BRIDGES,   TANKS,    GIRDERS. 

Ensrines  and  Exhausters.    Malleable  and  all  kinds  of  Castings. 
GOVERNORS  and  METERS. 


WORKS:   HUDDERSriELD. 

Telegrams:   "HOLMES,  HUDDERSFIELD." 


London   Office:     80,   CANNON    5TREET,    EX. 
Telegrams  :   "  IGNITOR,  LONDON." 
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'h         CUTl^ER'S 

PATENT  GUIDE  FRAHING  FOR  GASHOLDERS 

Has  been  adopted  for  many  important  Holders. 


Cutlep'e  Patent  Guide   Framing  does   not  require   Piers  for  its  support, 
and  the  cost  of  tlie  tanic  Is  thus  much  reduced. 


CUTLER'S  PATENT  GAS  CONDENSERS,  OVER  100  IN  USE. 


Messrs.  S.  CUTLER  &  SONS  undertake  the  Construction  and  Equipment 
of  Qas- Works  in  any  part  of  tlie  World. 
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CARBURETTED  WATER-GAS  PLANT 

(COTLER'5    PATENTS). 


This  Plant  inoladei  MYeral  Important  tmproTementi,  ensarintf  safe  and  efflctent  working,  and 
hat  boon  adoptod  at  tho  follovring  plaooi  :— 

HORNSEY.  BUENOS  AIRE5.  PLYMOUTH  (and  order). 

HASTINGS.  SOUTHALL.  SOUTHEND  (and  order) 

SOUTHEND.  PLYMOUTH.  FOLKESTONE. 

HARROW.  BEXHILL. 

We  are  cup  own    Manufactupers,  and  can   guapantee  high-cieiss  MateHals 

and  Wopkmanehip. 


SPECIALITIES  :— 

CUTLER'S  PATENT  INTERLOCKING  GEAR. 

CUTLER'S  PATENT  SEPARATOR. 

CUTLER'S  PATENT  OIL  SPRAYER. 

CUTLER'S  PATENT  WASHER  SCAVENGER. 


To  proTont  Air  and  Stoam  YalTOi 
boing  ooinoidontly  opon. 

For  tho  LlquldB  fifi>m  Waohor 
and  Sorabbor. 


OIL    STORAGE    TANKS. 


SAML.  CUTLER  &  SONS,  MILLWALL,  LONDON. 

2n 
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PORTER  &  CO., 

GOWTS    BEIDGE    WORKS,   LINCOLN, 

<5as  (Engincors, 
IHAHDFACTUKEHS,  \m  FODBDERS,  &  COHTQRGTOHS. 


Over  600   Oas-Works    erected  for  Home    and    Colonial   purposes. 

Extensions  in  Gasholders,  Purifiers,  Retorts  and  Fittings,  Scrubbers, 

Condensers,  Yalves,  ftc,  undertaken  on  the  lowest  terms. 


Specially  designed  Gas- Works  for  the  supply  of  Gas  from  1/8  to  2/-  a  thousand 
to  Workhouses,  Asylums,  Industrial  Schools,  and  Government  Buildings. 
The  Fhm  undertakes  the  expeditious  supply  of  Castings,  Iron  Roofs,  Tanks, 
Standards,  Lamp  Posts,  Lamp  Heads  and  Lanterns,  Gas  and  Water  Pipes, 
and  Gas  Fittings  for  all  purposes. 


ESTi  MATES     ON     APPLICATION. 
Tele^aphic  Address— '<  PORTER,  LINCOLN.**  National  Telephone,  No.  18. 


GAS    ENGINEEBS    AND    MANAGERS. 
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CARBURETTED 

WATER-GAS    APPARATUS, 

Mcrrifield—Westcott— Pearson  Patents. 


The  EGONOMIGAL  GAS  APPARATUS  GONSTRUGTION  GO,  Ltd. 


W.  H.  PEARSON.  Chairman. 

W.  H.  PEARSON,  JuNR.,  Deputy-Chairman. 


J.  T.  WESTCOTT.  M.E..  Manaqer. 

L.  L.  MERRIFIELD,  M.Inst.M.E..  Enoineer. 


London  Offices:  19,  ABINQDON  STREET,  WESTMINSTER,  S.W. 

TxLSaftAVHXO  AsDUSs:  "CARBURETED.  LONDON." 

American  Offices:  TORONTO. 

CARBURETTED  WATER-GAS  ENGINEERS. 


Working  Floorlqf  Generator  Eou$e,\  One  Quartet'^Seetion  qf  Birmingham  Plant,  Windtor  Street  Station, 


The  Maximum  Daily  Capacity  of  the  Birmingham  Corporation's  Plajcit,  which 

was  erected  by  this  Company,  is  10  MILLION  CUBIC  FEET. 
The  M  -W.-P.  PLANT  is  designed  to  use  the  Heaviest  as  well  as  the  Lightest 

Grade  of  Oil. 


RESULTS    PROVE    EFFIOIENOY. 


2   N   2 
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#^ 


^,  BBNSON,  PB4s^ 

,W^  LIMITED.  S    ^ 


MANUFAOTURERS    OF 


APPARATUS  FOR  THE  RECOVERY  OF  BYE-PR0DUGT8 

FROM  COKE  OVENS  AND  OTHER  PUNTS. 
T  O  O  XS.  T  O  ZV  -  O  Z«  -  T  B  B  8. 


SULPHATE    OF   AMMONIA    PLANT    iOOLSON'a  patents}. 


Colson's  Apparatus  surpasses  any  other  for  economy 
in  working,  and  quantities  produced. 

Colson's  SELF-DISCHARGING  SATURATORS  act  witli  absolute 
certainty,  and  at  lowest  cost  for  labour. 


Full  partienlan  and  prieet  en  appIlMttleB  to  the  MLB  ■KKUI— 

ASHMORE,   BENSON,   PEASE,    &   Co.,   Ltd.,  STOGKTON-OH-TBBB. 


QAS   ENGINEERS   AND   MANAGEBS. 
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.  BBNSON,  P^^ 

^  drrOOXE.TOBT-OBI'-TBBS,  *> 

MAKERS  OF  GASHOLDERS  &  QAS  APPARATUS. 
PURIFIEII8,  CONDENSERS,  SCRUBBERS,  WASHERS, 

RETORT-FITTINGS,  MAINS  FOR  GAS  AND   WATER,   WOOD  GRIDS. 


PBRTH,  N.B.,  t-LIPT  MOLDBR,  IM  U&t  br  IS  teat.  CABLB  OUIDBD. 

{Fnm  a  Pkototrapk.) 

MAKERS  AND  PATENTEES  OF  COLUMNLESS 

GASHOLDERS  GUIDED  BY  STEEL   CABLES. 


Over  50  Holders  are  now  at  work  on  this  system,  and  several 
others  are  in   course  of  construction. 


Telegrams:  "GASHOLDER,   STOCKTON-ON-TEES." 
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QUEST   AND    CHR1ME5, 

FOUNDRY    AND    GENERAL    BRASS    WORKS,    ROTHERHAM; 


128,    SOUTHWARK   STREET,    LONDON,    S.E., 

MANUFACTURERS  OF 

WET  AND  DRY  GAS  METERS,  STATION  METERS, 

EXPERIMENTAL    AND    TEST    METERS. 

Patent  Foub- Way  Disc  and  otheb  Gas  Valves.    Patent  Gas  Main  Governors. 

IMPROVED   CONSUMERS*   GAS   OOYERNORS. 

Experimental  Apparatus,   Photometrical  Apparatus,  Test  Gasholders,  Stc. 

Street   Lanterns,    Lever    Lamp   Cocks.   Gas    Main   Cocks    Water-Meters, 
AND    Plumbers'    Brass   Work. 


IMPROVED    DRY    GAS-METERS 


AL80  HANXTFACTUnSRS  OF 

Cowan's  Patent  '^Aro"  Lanterns  for  Incandescent  Burners,  for  Inside  ft  Ontside  Lighting. 

COWAN'S    PATENT    HIGH-POWER   GAS-LAMPS. 

F.    SIEMENS'    PATENT     REGENERATIVE     GAS-BURNERS. 

Patent  HIih-Power  YentllatiDtf  Qas-Lampi. 
GAB    IiIQHTINa    APPARATUS    OF    XVSRT    DXBCRIPTXON. 


GAS   EKGINEEBS   AND   MANAGERS.  15 

WILLEY  &  Co., 

GAS  ENGINEERS, 

248,  KINGSLAND  ROAD,  LONDON ;  &  EXETER. 

— »*»   - 

SPECIAL  BEFERENCE  AND   ATTENTION  AEE  INVITED  TO  OUB 

WET  AND   DRY  METERS, 

Which  have  acquired  a  high  reputation  for  the  excellence  of  Materials  and 
Workmanship  ;  their  dubabilitt  and  accuracy  of  register  guaranteed. 


STATION  METERS  Of  every  oapacity  flited  with  Overflow  to  ensure  acouraoy  of  Water  lieveL    Station 
Governors.    Sell- Acting  Adjustment  to  regulate  Pressure  accurately. 

STREET  LAMP  METERS  with  special  Lamp-posts  to  receive  same,  or  provided  with  separate 

Street  Boxes. 

BORRADAILE'S  PATENT  LAMP  aOVERNORS  adjusted  to  required  Pressure  and  Consumption. 

STREBT:LAMP  pillars  in  variety  of  design. 

STREET  LAMPS,  square  and  hexagon. 

CAST-IRON  MAINS  all  sizes,  Socket  Joints  Turned  and  Bored,  Flanged  Pipes  and  Specials  for  Oon 

neotions  to  order.    Wrought- Iron  Service-Pipes  (Gas,  Steam,  and  Water  quality),  with  fitting  of  same. 

Syphon  Pumps  for  Stations.    Syphon  Pumps  for  Town  Mains.    Service  Cleansers. 

Pressure-Gauges  for  the  Exhauster-Room,  and  various  lengths  to  meet  the  whole  requirements  of  Gas- 
Works.  Gas  Chandeliers,  Brackets,  Pendants,  Ooronse,  and  Fittings.  Mediseval  for  Churches.  Special 
Elaborikte  Designs  for  large  Public  Buildings  and  Halls  of  Commerce.  A  Choice  Variety  of  Hall  Lamps, 
Gas  Globes,  Shades.  Ac.,  to  amree.  Carter's  Valves,  Main  Cocks  and  Levers,  Brass  Cocks,  Union  Joints 
and  Connections,  with  every  description  of  small  Gas-Fittings,  Brass,  Copper,  and  Composition  Tubes. 


ENOINSSRINO    OEPJLRTSSENrr. 


MANUFACTUBEBS    OF    BTZBT    DBSCBIPTION    OF 

GAS  APPARATUS,  GASHOLDERS,  TELESCOPE  &  SINGLE  LIFT. 

Plana  and  Specifications  fumiahed  for  Extensions  and  Enlargement  of  existing  Works, 
adapting  them  to  the  most  Improved  and  Modem  Principle  of  Oas  Manufacture, 

PURIFIERS,  CONDENSERS,  WASHERS,  ENGINES  and  EXHAUSTERS, 
STATION  METERS,  and  GOVERNORS  manufactured  and  erected. 


Makers,  by  permission  of  that  eminent  authority,  Mr.  GEORGE  LIVESEY, 

of  his  CELEBRATED  PATENT  WASHER.    Highly  approved  by  all 

the  Engineers  of  Works  where  adopted.    Largely  in  demand. 
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NEWTON,  CHAMBERS,  &  Co.,  Ltd., 

Thopneliffe  Ipon-Ulopks  and  CoUiepies, 

NEAR  SHEFFIELD. 


MANUFACTURERS    OP   EVERY   DESCRIPTION    OP 

-^^QAS  APPARATUSES- 
CAST-IRON  RETORTS,  RETORT-HOUSE  FITTINGS. 

IMPROVED  COAL  A  COKE  ELEVATORS  &  C0NVEY0R5. 
AIR  AND  WATER  CONDENSERS,  OF  WROUGHT  OR  CAST  IRON 

TOWER    SCRUBBERS   AND   WASHERS. 

POHIFIEKS,  WITH  PliRHED  JOIHTS.    HVDKRUliIC  &  HAKD-IiIFTlHG  GERItS. 

WOOD    GRIDS   AND   SCRUBBER    BOARDS. 

Patent  CenttfenValves,  morklng  all  four  Patiflers,  or  three  on  and  one  off. 

BYE-PASS  VALVES  &  SLUICE  VALVES  for  GAS  or  WATER  WOKKS. 
Telescope  &  Single'Lift.    Wrought  &  Cast  Iron  Tanks  of  any  Size. 

CSolamns,  Girders,  Ornamental  Lamp  Columns,  Gas,  Water,  knd 
Hydraulic  Pressure  Pipes  and  Specials. 

WROUGHT-IRON  COLUMNS,   GIRDERS,   ROOFS.  BRIDGES,  AND   STRUCTURES 
OP   EVERY  DESCRIPTION. 

Chemical   Works   Plant  and   Apparatus. 


DESIGNS,    SRECIFIOATIONS,    A    ESTIMATES    FREE. 


PLANS  ftDd  SPECIFICATIONS  forDished  for  Extensions  and  Enlargements  of  existing 
Works,  adapting  them  to  the  most  Improved  and  Modem  principle  of  Gas  Mtonfaoture. 

Pia  IRON  OF  SPECIAL  QUALITY  FOR  STEAM  AND  HYDRAUUC  CYLINDERa 
GAS  COAL,  FAMOUS  FOR  ITS  UNRIVALLED  EXCELLENCE. 


Sole  Makers  of  Threshes  Patent  Current  Steam  Disinfeetors. 

PROPRIETORS    OF   THE    "IZAL"    DISINFECTANTS. 


GAS    ENGINEERS    AND    MANAGERS. 
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ALDER  &  MACKAY, 

ESTABLISHED    1860       

MANUFACTURERS   OF  WET   AND    DRY  GAS-METERS. 

COMBINING  ALL  THE  LATEST  IMPROVEMENTS. 


DRY    METERS. 


EDINBU|10H« 


DE7    METEBS   IN    BEST    TINNEDPLilTE 
CASES. 

DB7  METEBB  IN  OASTIBON  CASES. 

(We  are  the  original  designers  and  makers  of 
Cast-Iron  Dr  j  Meters.) 

DB7  PBEPATMENT    METEBS    ABBANGED 

FOB  EITHEB  PENNIES  OB  SHILLINGB. 

DBT  EXPEBIMENTAL  AND  TEST  METEBS. 


OUR    METERS    ARE    NOTED    FOR    THEIR    RIGID    EXACTITUDE    OF 

MEASUREMENT,    RELIABILITY    UNDER    THE    EXTREMES    OF 

WORKING,    WITH    GREAT    DURABILITY, 


WET    METERS. 


WET  CONSUMEBS'  METEBS. 
UNDSBQBOUND  WET  METEBS  FOB  STBEET 
LAMPS  OB  OUTSIDE  SEBVICES. 
(Dispeniing  with  Footway  Boxes  or  Special 
Lamp  Posts.) 

WET  PBEPATMENT  METEBS  ABBANGED 
FOB  EITHEB  PENNIES  OB  SHILUNGS. 

WET  STATION  METEBS  IN  8QUABE  OB 
BOUND  CASES. 

WET  EXPEBIMENTAL  AND  TEST  METEBS. 


BSADFOBD. 


Samples,  Prices,  and  all  Information  on  application. 


New  Grange  Works: 
EDINBURGH. 


Ventnor  Street  Works 
BRADFORD. 


TMLMQRAPHIC 

ALDER,  EDINBURGH. 

Tblbphomx  No.  81  WiiTXBir. 


ADDRESSmS  X 

ALDER,  BRADFORD. 

TaLSPRoXB  No.  1222. 
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ORIGINAL  MAKERS  OF  THE  INTERNAL 

RACK  AND  PINION  QAS-VALVE  IN  1847- 


**The  Donkin  Gas-Valve." 


Rack  and  Pinion  Cocks 


Over  I200  Valves  always  in  stock       -    .   ^^TtT/^  -.  — ^  ^°™  *  ^^^^  *°  ^  '°^ 

*^   -  •  i_  J  1 1  Internal  Worm  ana  o..-.-  .««^  :«  „— . 


to  ensure  quick  delivery. 


Over  4000  in  use. 


Rack  Qas-Valve. 

WE  HAVE  SUPPLIED  OVER  100,000  OF  THESE  VALVES  AND  COCKS. 


Manufacturers  of 

EXHAUSTERS    on 

J.  Beale's  1877  Patent; 

also  Makers  of  the 
BEALE-DONKIN 
(1892  Patent) 
EXHAUSTERS, 
space  in  Internal  Dram 

utilized,  adding: 
40  per  cent,  to  ^capacity. 


Small  Exhauster  and  Engine  combined 

(new  design),  from  1,000  to  15,000  cabic  feet  per  hour. 


BRYAN  DONKIN  &  COMPANY,  Limited, 

SOUTHWARK   PARK  ROAD.    BERMONDSEY.    LONDON. 

Manchester  Office: 

Mr.  HENRY  THOMAS,  10,  MAWSON'S  CHAMBERS,  DEANSGATE. 


GAS    ENGINEERS    AND    MANAGEES.  19 


..TORBAY... 


...PAINT... 

FOR 

QA5H0LDER5  &  QA5  PLANT. 

ALSO 

SPECIAL   QUICK-DRYING   GLOSS   PAINTS   FOR   LAMP 
COLUMNS,  METERS,  &c. 


♦  •• 


THE    TORBAY    PAINT   COMPANY 

{Proprietors,  STEVENS  &  CO.) 


WITH  WHICH  18  AHALGAMATBO 


The  Torbay  &  Dart  Paint  Company,  Limited, 

26,   37,   &    28,    BILLITER   STREET, 
LONDON,    EX. 

8,    INDIA    BUILDINGS,    FENWICK    STREET, 

LIVERPOOL. 


Works  aad  Mines : 
DARTMOUTH  AND  BRIXHAM,   TORBAY. 
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GEORGE  GLOVER  &  CO. 


Highest  AwiBDs 

VOB 

Dry  Gas-Mbters. 

LONDON,  i86a 

PARIS,  1867 

AMSTERDAM,  1869 

VIENNA,   1873 

MANCHESTER, 

1875 

SYDNEY,  1879 
MELBOURNE,  1880 
MELBOURNE,  1889 

NEW  ZEALAND, 

1 88a 

LONDON,  1884 

LONDON,  1885 

LIVERPOOL,  1886 

ADELAIDE,  1887 


Prepayment 
Meters, 

FOR  PENNIES  OR  SHILLINGS. 


SIMPLE. 


ACCURATE. 


DURABLE. 


ROYAL  AVENUE,  CHELSEA,  LONDON,  S.W.; 

And    LANCASTER  AVENUE,    MANCHESTER. 
T»l»gMim«:  "DRY    METERS,    LONDON." 


GAS   ENGINEEBS   AND   MANAGEBS. 
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R.  DEMPSTER  &  SONS,  Ltd., 

ELLAND,  YORKs. 


DIRECT-FIRED,  GENERATOR,  AND  REGENERATOR 

SETTINGS,    AND 

RETORT   WORK  IN  ALL  ITS  BRANCHES. 


Contractors  tor  Complete  Installations  on  Horizontal  and  Inclined 
Systems,    without  suh-contracting. 


Telegrams : 
'DBMP5TBR,    BLLAND." 


Telephone : 
BLLAND  No.  8. 
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BORRADAILE'S 

PATENT 

DRY  METALLIC  GAS -GOVERNORS. 


..itnsk 


THE  MOST  SIMPLE  AND  ACCURATE 
REGULATORS  EVER  INVENTED. 


ilooh      PERMANENTLY    ADOPTED    BY     THE 
LEADING    ENGINEERS    AND 
LOCAL    AUTHORITIES. 


ALL    HARD    METAL. 


NO    DESTRUCTIBLE    SUBSTANCE. 


FULL  DETAILS  GIVEN  FOR  CLEANING 
AND  ALTERING  CONSUMPTION. 


QORRAPAH.£ 


Special  size  for 

incandescent  Ligiiting, 

i8s.  per  doz. 


GAS    ENGINEERS    AND    MANAGERS. 
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J.  &  J.  BRADDOCK, 

Qlobe     Meter    Works,     OLDHAM. 

MANU^AOTURBRS    OF 

BRADDOCK'S    NEW    PATENT 

GAS  STATION   GOVERNORS, 

Whloh  are  aii«qaall«d  for  eompaotneis,  tfovemintf  power,  and  general  ezoellenee. 


Fi^.i. 


Fi^.Z 


OVER 

80 

ALREADY 

AT  WORK, 

of  all  sizes 

up  to  and 

including 

36-incli. 


THE    LIGHTEST    AND    MOST    CONVENIENT    GOVERNOR. 

May  be  placed  in  a  passage  wide  enough  to  admit  a  flanged  pipe  of  equal 

bore  to  its  inlet  and  outlet. 

FULL    PARTICULARS    ON    APPLICATION. 

BRADDOCK'S    PATENT 

PREPAYMENT    (WET  &    DRY)    GAS-METERS. 

Improved  Consnmers'  Wet  and  Dry  Gas- Meters. 

5TATI0N   METERS   OF   ALL   51ZE5.      TESTINQ    APPARATUS. 

Lamp  and  Main  Taps,  Street  Lamps,  Gauges,  etc. 

Best  Quality  Only.  Telegrams:  "BRADDOCK   OLDHAM." 
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W.  &  B.  COWAN,  Ltd. 


ESTABLISHED     1827. 

DRY   AND   WET 


OAS-METER  MANUFACTURERS 

liOpBOB,  IWflHCHESTER,  EDlHBlUGH,  &  SYDNEY. 
Warner  and  Cowan's  Patent  Meters. 


GAS     GOVERNORS. 

VH.   COWAN'S   PiTEHT. 

TEB    COWAJ^   PRESSURE    SYSTEM. 


IMPROVED  SERVICE  CLEANSER. 

FIODES  ft    BTAOO'B   PATBHT. 


WET  AND  DRY. 


DRY  GAS-METERS, 

In  Patent  Improved  Cast-iron  Cases. 


FRICTIONLESS    PRESSURE    REGISTERS, 

W.  R.  CH£STER*8  PATENT. 


OROSSUSY  AND   OTHER  PATTERNS    OF 

PRESSURE    AND    EXHAUST    REGISTERS. 


GAS   EKOIKEEB8   AND  MAKAGEBS. 
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ALEX.  C.  HUMPHREYS,  M.In9t.C.B. 

SINCE   1893 


A.  G.  GLASGOW.  M.E. 


Messrs.  HUMPHREYS  &  GLASGOW 


Um  ooBitrnottd  or  have  In  hand 


CARBUREHED  WATER-GAS  PUNT 


FOR  THE  FOLLOWING  UNDERTAKINGS  :~ 


Oab.Ft. 
Dailj. 

Oopenhagen .  700,000 

BeUBMt 1,700.000 

BelfM  (BeoondOontraot) 4,600  000 

OlMgow 800,000 

BnuMls 700,000 

BniMali  (Seoond  Contraet)    ....  700ilQ0 

Liverpool S^SOD^NX) 

liiverpool (BeoondOontraot)  ....  4,600000 

Tottenham 760.000 

Tottenham  (Seoond  Oontraot)     .    .    .  760^000 

Santiago 400^000 

Swansea          760^ 

Manoheater 8,a00y000 

Brighton 1.750,000 

Presion 1.500.000 

New  York Vi0O,Q0O 

Soathport 750,000 

Bath 1,000,000 

Newborgh,  N.Y. 860,000 

NewborghfN.Y.  (Second  Gontraot).    .  250,000 

Hoylake 136,000 

Coventry 600,000 

Cktventry  (Seoond  Contraot)   ....  000^ 

Bord«ntown,  N.J.     • 196,t)00 

WinohMter 900,000 

Shanghai 8S6  000 

Stockport 600.000 

Norwleh 1,000,000 


Holyoke,  Masa. 

Edinborgh 

St.  Joseph,  Mo. 

Lea  Bridge 

Lea  Bridge  (Seoond  Oontraot)    .     .    . 

Oulldford 

Stockton-oo-Teei 

Syracuse.  K.T 

Mfentford    •••..•.••• 

Oommeroial  Oas  Oo 

Oommeroial  Gas  Oo.  (Seoond  Oontraot) 

Bridlington 

Middlesbrongh 

Croydon 

L.  ft  N.W.  Railway,  Crewe     .    .    .    . 

Taunton 

Lawrence,  Mass. 

Rotterdam 

Dorking 

MoKeesport,  Pa. 

The  Gaslight  and  Coke  (3o.,  Bromley  . 
The  GasUght  and  Coke  (3o.,  Nine  Btans 

Durham 

New  Yprk  (RemodeUed) 

Scarborough 

Perth,  W.A 

Oommeroial  Gas  Co.  (Third  Contract). 
Bremen 


Oub.Ft. 
DaOj. 
600,000 


760,000 
860,000 

860,000 

860,000 

600,000 

860,008 

1,900.000 

860,000 

850,000 

196,000 

1,360,000 

1,260,000 

700,000 

996,000 

400.000 

850.000 

196,000 

600,000 

8,760.000 

9,760,000 

900,000 

11,000,000 

800,000 

136.000 

1,960.000 


In  addition  to  which  the  1801  Installations  of  The  Gasligfat  and  Coke  Company,  on  the  Humphreys' 
Double-Superheater  System,  have  a  capacity  of  12,000^000  Cubic  Feet  per  Diem. 


IN    THE    UNITED    STATES, 

Meaars.  Hamphreys  and  QIasffow  and  the  United  Qm*  Improvement  Company  have  jointly 

conatr  acted  264  Seta  of  Hmnphreys*  D^uMe-Soperheater  Apparatas ;  141  of  these  since  1893. 

This  Company  (of  which  Mr.  Hnaphreya  waa  farmerly  Chief  fiafflaeer)  were,  nntil  lately,  the 

largeat  Conatrnctors  of  Carbnretted  Water-Oaa  Apparatua  in  tita  World. 

At  the  Present  Time^  Messrs.  Humphreys  <t  Glasgow,  of  London, 

Hold  that  Position. 


9,   VICTORIA  STREET,   LONDON,   S.W. 

Telegrams:   "EPISTOLARY,    LONDON." 
UNITED    STATES    OFFICE: 

BANK   OP   COMMERCE  BUILDING,   NEW  YORK. 

2  o 
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ISTEST'S 

PATENT  AUTOMATIC  MACHINERY 

FOR 

CHARQINQ  &  DRAWING  QAS-RBTORTS. 

FOUR  DISTINCT  TYPES,  ADAPTED  FOB  ALL  SIZES  OF  GAS-WOBKB. 
SAVING    OVER    50    PER    CENT.    IN    LABOUR. 


Complete  Oas- Works  Designed  and  Erected  in  the  most  Modem  Form. 
Inclined  Retort  Installations  and  Machinery  a  Speciality. 


[R7S! 


TMU 


ALeiDN  If^OM  WORKS. 


GENEIVL BlGINEEI^a  tf^-'MXHCHESTER 


ICH    QUCEN     VICTORl 


GAS 

WORKS 


GAS 

WORKS 
PLANT 


HIGH  CLASS  TWO  STAGE    AIR    caMPRESSORS    WITH   POSITIVE  ACTING  VAiVC= 
CQMPRESSED     AIR      MOTOf^S^c. 

COAL  a,COKE    BREAKERS.ELEVATING  &CONVEYING  MACHfNERY 


Makers  of  Retort  Mouthpleoee,  Uttad  with  Self-eealing  LIde,  and  eccentric 
fastenings  for  all  Sizes  and  Sections  of  Retorts. 


COMPLETE   MICHIHERT   FOR   HIEDLIEG  COKE    FROM   RETORTS   TO    COB 
YARD,  8CREEHIH0   AND   WASHING   SAME   SUITABLE   FOR 
HOUSEHOLD   AND   SMITHY  PURPOSES. 

LAROB   INSTALLATIONS   5UPPLIBD  ITO  MANY   QA5.WORK5   IN   THE    UNITED 
KINGDOM  AND  ON  THE  CONTINENT. 


Oxide  Elevating  Machinery,  Coke  Barrows,  Valves.  Hydraulic 
Mains,  and  all  Retort-Bench  Fittings. 

ILIiTTBfnLATED   CATAIiOaUS  8BNT  XTPON  APFUCATIOH. 
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ESTABLISHED    1803. 

R.  D.  WOOD  &  CO., 

Etis^ineers 

PHILADELPHIA,     U.S. 
Iron  Pounders 

(Cable  Address:  TUCKAHOE.) 

Machinery : 

CAST  IRON  PIPE 

1  inch  to  72  inches  Diameter. 
3  INCHES  AND  OVER,  12  FEET  LONG. 

GASHOLDERS 

STEEL   TANKS 

HYDRAULIC    MACHINERY 

OF    THE    HEAVIEST    DESCRIPTION, 

FIRE   HYDRANTS,    TURBINBa,    AND    PUMPS, 
BBAVT  CASTING  OF  ALL  KINDS. 

TAYLOR'S    FUEL    GAS    PRODUCERS. 


CATALOGUES    FORWARDED    ON    APPLICATION. 

2o2 
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THE  SAS- METER  CO.,  LTD., 

PATENTBEa   AND   MANUFAOrURERS    OF 

WET  m  DRY  GiS-lETERS,  STiTIOl  lETEBS,  GOYEBIORS,  GiS  APPiBATUS,  Ac. 


Works— LONDON,    OLDHJLH,   DUBLIN. 


CO 
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At  used  by  all  the  principal  Gas  Companies  and  Corporationt  in  the  Kingdom. 


For  Prices  and  ParHcular$  apply  to 

R.  L.  ANDSEW8,  General  Manager,  238,  KINGSLJUf D  ROID,  LONDON. 


so 
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cc 


MELDRUM" 


BREEZE   Furnace 

For  Burnins:  Pan  Breeze,  Coke  and  Coal  Dust,  Ashpit  Refuse,  ftc 

6000 


AT    WORK. 


The  Use  of  Breeze 
as  Boiler  Fuel. 

T«  the  Editor  of  the 
"Journal  or  Oas 

lilOHTIHa.** 

Bat,— My  attention 
has  been  drawn  to  a 
letter  appearing  in  yonr 
inae  for  the  18th  ult., 
asking  for  the  ezperi* 
enoe  of  users  of  breeze 
as  boiler  fanL  The 
speoial  information 
your  inquirer  desires 
IS  whether  the  steel 
plates  of  boilers  are 
mjoriously  afleoted  by 
the  steam  admitted 
under  the  fire-grate. 
As  the  first  user  of  the 
Meldrum    furnace,     I 


may  be  permitted  t« 
say  thai  for  ten  yean  I 
have  employed  it  in 
connection  with  steel 
boilers,  and  that  no 
deterioration  of  the 
flues  has  occurred.  It 
is  highly  desirable  that 
all  poor  fuels  should  be 
utilised,  and  that  no 
misunderstanding  as  to 
the  eiflcieney  of  the 
furnace  should  hinder 
this.  Your  correspon- 
dent need  hare  no 
hesitation  in  adopting 
this  economical  and 
conTenient  apparatus 
whererer  smsll  cheap 
fuel  is  available. 

T.  HOLOATB, 

GatBngituer, 
Halifax, 
Feb.  10,  ISM, 


ALSO  MAKERS  OF  STEAM  AND  WATER  JET  APPARATUS 


FOR  SULPHATE  PLANTS. 


ACID    ELEVATORS. 

AQITATOBS. 

LIQXnD    ELEVATORS. 

MILK    OF   LIME    INJECTORS. 

Blowers  for  Qas  Furnaces,  Compressors,  Ejectors,  Automatic  Qas 

Exhauster  and  Qovemor,  Revivifyinir  Blowers  (Continuous  and 

Intermittent),   Ventilators,   &c. 


HELDRUM  BROS.,  AtiaoUc  forks,  lANGHESTER. 


QA.8  ENOZKEESS  AND  MAKAOEBS. 
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MELDRUM  &  GUYT9ir« 

AUTOMATIC  BReIzeTnD  COAL  STOKER 

WITH  FORCED  DRAUGHT.  Self-cleaning:  Bars.   High  Efficiency. 
Little  Lat>our.    Small  Cost  of  Up-keep. 


FOR  GAS  AND  WATER  WORKS  AMD  ELECTRIC  llOHT. 

Will  work  with  cheapest  Coke  Breeze  or  Dust  Coal.       No  hifh 
Chimney  required.      No  Smoke. 


As  UMd  at  HALIFAX   QAS- WORKS,  SHBPPIELD  aA5-WORK5.    ftc,   ftc 
EARL'S  COURT  ELECTRIC  LIGHT  WORKS,  HANLEY  ELECTRIC  LIGHT  WORKS,  ftc,  ftc. 


MELDRUH  BROS.,  AQutic  Woris,  lANGBESTER. 
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TAR    PLANT5 

on  the  Intermittent  or  on  Lennard's 
Patent  Continuous  System. 


FOR  TAR,   SULPHATE,  CRB080TE,  CHEMICAL,  BYE-PRODUCTS 

AMD   RESIDUAL  PLANTS   FOR   OAS-WORKS,  BLAST 

FURNACES,   AND   COKE   OYENS,  apply  to 

R.  &  J.  DEMPSTER,  Ltd.. 

QAS    PLANT   WORKS, 

Newton  Heath,  MANCHESTER, 

ENQINEERS,  IRON  FOUNDERS,  AND  CONTRACTORS 

FOR    BVBRY    DB5CRIPTION    OP 

GAS-WORKS     PLANT. 

R.  &  J.  D.'s  Works  stand  upon  ji  acres  of  land,  of  which 
about  4  acres  are  under  cover. 


RCTOmr  SCNCH. 


CONDCNSCRS. 


PURIPICRS. 


OA8   EKaiKBEBS  AND  MAKAOBBS.  36 

HUTCHINSON  BROTHERS, 

GAS    ENOINEERS,   <£c. 


"WET    AND    DRY    GAS-METERS   of   all    kinds. 

STATION    METERS   AND   GOVERNORS. 

BRASS  MAIN   COCKS,  LAMP  TAPS, 

UNIONS,  FERRULES,  &c. 

THE  "FALCON"    LAMPLIGHTER'S  TORCH. 

BRASS  AND  COPPER  SYPHON   PUMPS. 

SERVICE  CLEANERS,  &c. 


LEAD   SATURATORS,  AGIO    TANKS,  ELEVATORS  AND  COCKS, 

SALT  SCOOPS,  AND  SUNDRIES. 

APPARATUS  FOR  CHEMICAL  LEAD  BURNING. 


PRACTICAL  LEAD  BURNERS   SENT  OUT  TO  REPAIRS. 


WROUGHT-IRON  AND  WOOD  PURIFIER  GRIDS. 

SCRUBBER  BOARDS. 

MACHINERY,  TOOLS,  AND  SUNDRIES  FOR  GAS-WORKS. 


FALCON  WORKS,  SACKVILLE  ST., 

BARN  SI^B  Y. 

Telegrams;  "HUTCHINSON  BROS.,  BARNSLEY." 


^ 
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»M€LAitAaS, 
LmPOM. 


ICr,gil££IIVICIOmA  STREET. 

BOILERS: 


MAKERS  OF  AMD  CONTRACTORS 

GASHOLDERS  OP  AiX 
SIZES,    PURIFIERS, 
AND  QAS  APPARA- 
TUS OF  EVERY 
DESCRIPTION  TO 
THE  PRINCIPAL 
CORPORATIONS, 
QAS  COMPANIES, 
LOCAL  BOARDS, 

&c.,  Ac, 
IN  THE  WORLD. 

GIRDERS,  . 
ROOFS,    AND 
ALL    KINDS    OF 
STRUCTURAL 

IRONWORK. 

MAKBR5  of  HI0H-CLA55  BOILBR5,  to  stand  may  tost  or 
poss  aoy  Inspoctlon. 
MADB  BY  THB  LATBST  IMPROVED  MACHINERY.    THE 
MOST  MODERN  AND  COMPLETE  PLANT  IN  YORKSHIRE. 


for  Oas 


MMKmum    OP    THm   followimq    8t»moiALirimm » 
CLAYTON'S   IMPROVED   GUIDE   FRAMING    FOR  GASHOLDERS. 
CLAYTON'S   IMPROVED  ANTI -FREEZE R5. 

DEIGHTON'5  IMPROVED   PATENT   DRILLING  AND  TAPPING   APPARATUS 
■ad  Water  Malas— haody,  choop,  sad  effoctlvo.    No  Works  sboald  be  without 
Retort  Iroawork  of  every  descrlptloa  for  ladlaed  or  Horizootal  Retorts  mado  la  ttao 
Improved  way.    Retort  Uds  auule  by  Special  Hydraulic  Mactalaery. 

JAMES  M'KELVIE  &  Co., 

Cannel   and    Gas    Coal    Merchants, 
And  at  37  and  38,  MARK  LANE,  LONDON,  E.G. 


BSTABUSHED    134-0. 
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WINKELMANN*5  ••VOLCANIC" 
and  "  VOLCUM  -  CEMENT.  Fir©  Rests- 
tanoe  up  to  4500^  Fahr.  In  use  in  Gas-Works  all 
over  the  World. 

ANDREW  STEPHENSON, 
182,  Palmbrston  Buildings, 
Old  Broad  Strbbt, 
TiUgram$ : "  Volcanism,  London.*'  London,  £.C. 


T1»flr>fn«;"FOUWDRY.  LEVEN,  FIFE." 

HENRY  BALFOUR  &  CO.,  LD., 

maTABUSHMD  iai4t. 


London:  47,  VICTORIA  STREET,  S.W.    Mr.  HENRY  PUPLETT,  M.S.B. 


«««(«/*•    Of    ALL    0LA»»a»     Of 

GAS-WORKS  PLANT,  COAL  and  COKE  SCREENING,  CONVEYING 
and  ELEVATING  MACHINERY.  COKE-CONVEYORS,  do 

6ASH0LDEBS  with  STEEL  and  CAST-IRON  TANKS, 
IRON  BOOFS.  and  BUILDINGS. 

THE  LANEMARK  COAL  Co.,  Ltd., 

NEW    CUMNOCK,    AYRSHIRE, 

OAM    Of  fan    THMIH    aUfMHIOH    ANO    WmLL'KMOHIH  . 

HOUSB,   CANNEL,    QA5,    AND    5TBAM    COALS, 

DeUvered  in  Waggont  at  any  BaUtoay  Station  in  England  and  Scotland ;  or/,  o,  b, 
tU  Ayr,  Troon,  Ardrouan,  Irvino,  Greenock,  Glaegow,  and  Orpngemouth. 


PRICES.    ETC..    OW    APPLICATION. 
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R.  &  A.  MAIN,  LIMITED. 

QA5  COOKING 

AND 

HEATING 

APPARATUS 

Of  Every  Description. 


ARGYLE  WORKS. 
GLASGOW. 


ILLBO  AT 

IIIIANGHE8TER, 
BRISTOL, 

UD 

BIRMIN6HAM. 


109,  FARRIN6D0N 

ROAD, 
LONDON,  E.C. 


WIGAN  COAL  &  IRON  COMPANY,  Ltd. 

6,  CORPORATION  STREET,  BIRMINGHAM. 

BBST   WIGAN    ARLET   MINE    -    - 

-    -    GAS    COAIiS   AND    GAS    CANNEL. 


A9«nt:   A.   C.  SCRIVCNER. 
T«l«gHim«:   "WIGAN,   BIRMINGHAM."  T«l«phen«:    N*.  200. 

GARLESS,  GAPEL,  &  LEONARD, 

HOPE    CHEMICAL    WORKS, 

Also  at   PHAROS  WORKS,  HACKNEY  WICK,  N.H. 


for  enrlohing  Gas ;  alio  ( 
the  Herrintf  Proean. 


Oil  belt  adapted  for  i^Jeetliig  into  the  Retorte,  at  la 


Ssodany  distil  Carburliie  Spirit,  apeoifis  fravity  -680,  or  ef  anj  ether,  ^vade  lalUbte 
'  "  y        ■  >^M - •- 

HerriBg 
Importeft  of  Petroleum  for  Oarhurettiag  Water  Oat,  or  for  Maiiiiftotiirfji^  Oil  Oat. 
Dittillert  of  Pentane,  Petroleum  Ether,  and  Haphtha  for  clearing  the  pipet  ef 
naphthaline,  fta 
Manufaotupertof  Petrol— the  best  Fuel  for  Motort,  Auto-Cart,  &e. 

SAMPLBS    AND    PRIOBB    MAY    MM    HAD    ON    A^^i-tOATiOM, 


^ 
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ARROLFOULIS 

PATENT  HYDRAULIC  MACHINERY 

FOB 

CHARGING  AND  DRAWING 

GAS-RETORTS. 


THE  ABBOL-FOULIS  MACHINES 

AHe  mmn-OYmo  at  rue  followimq  wohkbi— 


8LA860W  8i»-W0RK8- 

Tradeiton. 

Dawiholm. 

Dalmamook. 
aMUGHT  A  OOKE 

_   ^       MiPiWY- 
B«ekt«ii. 

SOUTH  METROPOUTAN 

8A8  OOMPANY- 

Baat  Gnanvloh. 

TMzhalL 

Botherhlthe. 
MiMEROIAL  GAS-ffOMS- 

Boplar* 


BROMLEY  GAS-WORKS 

(KENT). 
EOWBUReH  GAS-WORKS. 
UVERPOOL  GAS-WORKS. 
LEEDS  GAS-WORKS. 
BUMINGHAiSASHIORKS. 
BRmSN  GAS  OOiPANY- 
HaU. 

BOLTON  OAS^RKS. 
IVERML  OOHTHniTAL 
GAS  ASSOOUTION- 

lattafdam. 

'n«ui». 


HAGUE  OORPORATION 

GAS-WORKS- 
Haga*. 

METROPOUTAN  GAS-WORKSr 
■elbonme. 

OLEVELAND  GAS-WORKS- 
OleTeUnd,  Ohio, 

aO«,  sO.,  fto* 


OVER  200  MACHINES 

KRB  AT 

WORK  OR  IN  COURSE 
0  F  CONSTRUCTION. 


THE  TIME  TAKEN  TO  DRAW  AND  CHARGE  EACH 
RETORT  BT  THESE  MACHINES  AVERAGES 


SIR  WILLIAM  ARROL  &  Co.,  Ltd.,  sole  hakbbs. 

DALHARNOCK  IRONWORKS,  BRIDOETON, 


ox<A.aioo 


London  Address:  32,  VICTORIA  ST.,  WESTMINSTER,  S.W. 


PlJiNa   AMD   BSTIMATBa    FURNISHED   ON    AFPUOATION. 
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aSTABUSHKD   t9SO. 

MANUF/IGTUREK 
AND    OONTRAOTORS 


PARKER  &  LESTER, 


TMM  ONLY  MAKBIfB  OP     -     - 

PATENT    ANTIMONY    PAINT- 


PARKER'S    IMPERIAL    BLACK    VARNISH, 
Oxide  raintSf  Oils^  and  General  Stores  for  Gas  a/nd  Water  Works. 


Works:    ORMSIDE   STREET,   OLD    KENT    ROAD,    LONDON. 

PATENT    ADJUSTABLE    OVERFLOWS 

CMiMntftCoMTiucroiis    ^^rlCFYAiiii   c  LondonOffice^ 

^«"  C  OvI^***  '^•'  O/l  ^         BRIDGE  MOUSE 

OM  WbRKt  PUWT    ^^  V)^       ^  j^^  ^t/>|/^18lOuttllVlCTORUST  ££. 

Of  EVERY  OEScmiino^  ^-^       ..-<:^^**^ll^^-        '\y    .  MlSSH'BAUItHAROY. 


a: 

X 

< 

I- 
z 

I 


4 


% 


s»mB,-    %ij"  fvP^aSBsaciBS. 


TEiCGirAPHIC  AOORCSI 

^COCKIYft  Bl01l_  ,__  _-  ..m*mi.  ' 

*VXMPER  London'  ^>«9r  Tv^         fisiMuSNOwitflAfii^ 


PATENT    FIflE  DOORS    »  FRAMES 


TBOTTEB,    HAINES,   &   CORBETT, 

BRBTTEItLS*    ESTATS 

FISE-CLIT    AHD    BRICK     WORKS,    STOURBRIDGE. 

MANUFACTURERS    OF 

GaB-Retorts,  OlaBshouBe  Fmnaoe  and  Blast-Fumaoe  Bricks,  Lnmpt, 
TUm,  and  evarj  description  of  Fbe-Brick. 

PROPRIETORS  OF  MEST  GLASSHOUSE  POT  ANV  CRUCIBLE  CLAYS. 


6HIPMENT6    PROMPTLY    AND    CAEKFUIiLY    EXECUTED. 


GAS    ENGINEERS    AND    MANAGERS. 
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WHOLESALE 


GAS-FITTING      MANUFACTURERS      TO      GAS 
COMPANIES  AND   THE   TRADE. 

WROUGHT  AND   CIST  IRON  TUBES  AND   FITTINGS   FOR 
GAS,  STEAM,  OR  WATER. 

CHANDELIEBS,  BRACKETS,  HALL 
LIGHTS,  ETC., 

OBDINARY  OR 

OOR    BPBOIJLXi    KIOK-POVrBR. 

STREET-LAMP  G0VERS0R8. 
GAS-METERS. 

HULETTS 

8ERVI0E-0LEAN8ER. 

No  Qm  Company  shoald  be  without 
this  Apparatus. 
THOUBAJPB  IW  USE. 

Every     Description  of  Qas-Flttings, 
Pressure  Qangea,  Ae. 

D.    HULETT  &  Co., 

LiMirmo, 
55  iS  56^  High  Holhorn 

LONDON. 


WELDON    MUD 

GAS  PURIFICATION, 

FOR  USE   IN 

THE  RECOVERY  OF  SULPHUR, 

ALSO 

REMOVAL   OF  LAST  TRACES   OF 

SULPHURETTED    HYDROGEN    IN    CATCH    POSITION. 


Fall  particulars  oa  application  to — 

THE  GAS  DESULPHURIZATION  CO.,  Limited, 

I,  Fenchurch  Avenue,  London,  E.G. 


2p 
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DANIEL    HOWARD 

(Successor  to  the  late  BENJ.  WHITEHOUSE), 

GASHOLDER   AND    BOILER    WORKS, 

WEST  BROMVICH,  NEAR  BIRHINGHAH  (Established  176S), 

MAKUFAOTURmm    OF 

TELESCOPIC  &  SINGLE  GASHOLDERS, 

WROUGHT  AND  CAST   IRON   TANKS  FOR   DITTO, 

purifiers,  Cjonirntsers,  Srrubbiers,  ^ybraulit  3itains,  anir  all 
hmtrs  jof  6as  ^j^paratus, 

WROUGHT-IRON    ROOFS,  BRIDGES,   GIRDERS,  ETC., 

STEAM,  HOT  WATER,  AND  RANGE  BOILERS,  TANKS,  CISTERNS,  BOATS, 

And  all  kindtt  of  Wrought-Iron  Work. 

DRAWIMOB,  BPECIFICATIOMB,  AMD  ESTIMATES  SUPPLIED  OM  APPLICATIOM. 


STOliiRIDCE  CLAY  * 

J^fREGMICKS.TAKr^BLUCKSLiAbSnOUbL  - 
"'  RRiCKS.aPQTS.CAS  RaORTSaCRUClEUS 

d'ST0URBRlOcrENCLAND.g 


'CURZ0N5!  &;r..1:.-^CHA^ 


SULPHATE    OF   AMMONIA   SATURATORS. 

JOSEPH  ^AYLoR   &   CO.. 

CHEMiCAL    PLUMBERS,    dlC, 

And  Makers  of  every  description  of  SOLID   PLATE   LEAD  and  TIMBER 
CASED    SATURATORS,    &o., 

CENTRAL  PLUMBING  WORKS,  TOWN  HALL  SQUARE,  BOLTON. 

SPBC/AL    ATTBNTiON    TO    RBPAIRS. 

SPECIAL-MAKERS     OF    SELF'EMPTYtNQ     SATURATCRS. 

N.B.— All   Orders  entrusted  are  under  atrlot  personal  aypervialon. 
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PORTLAND    CEMENT 

H.  F.  CURRIE   &    Co., 

Office:  ALBERT  BUILDINGS,  PBEESON'S  ROW, 
Stores:  NOVA  SCOTIA,  CANNING  DOCK, 
Telegraphic  Address : 
••QUALITY,    LIVERPOOL.'*  LIVEI^POOL 

Telephone  Mo.  1889. 


LONDON   PORTLAND   CEMENT,   PLASTER   OF   PARIS,  [GTPSUM,  UME, 

PAVEMENT,  BRICKS,    CRUSHED   GRANITE,   FIRE-CLAT   GOODS,    SLATES, 

WHITING,   CHINA   CLAT,   ftc. 


Doable  Lever  Automatic  Cement  Testing  Maciilnes  and  Arnold's 
Patent  Testing  Plant* 


SPECIAL    FACILITIES    FOR    EXPORT   ORDERS 

Over  6O,OO0^Ton8  supplied  to  Manchester  Water-Works,  Liverpool  Corporation,   Mersey 
Tunnel  Extension  and  Mersey  Docks  and  Harbour  Board. 

THE    WIN8TANLEY 

REGENERATIVE  AND  GENERATOR 

SPECIALITY    COMPANY, 

ERECTORS  OF  RETORT  HOUSES,  &C.,   COMPLETE. 

With  Special  Appliances,  the  outcome  of  years  of  experience.    Many  complete  Inaiallations  of 
Inclined  and  Horizontal  Settings  now  in  use,  giving  exceptional  satisfaction.    Alterations  to 

existing  Plant  unaerial^n, 

WINSTANLErS  Patent  REGENERATIVE  SYSTEM  18  THE  ACME  OF  SUCCESS. 

NO  OTHER  SYSTEM  ITS  EQUAL  IN  RESULTS  OBTAINED— FUEL  ACCOUNT 
THE  LOWEST  BECOBDED. 

In  many  instanoes  no  Olinkering  la  required.    Can  be  applied  to  any  kind  of  Retort  Setting,  Horizontal 

or  Inclined ;  also  to  Brick  Kilnt,  Glass  Furnaces,  Ac.    Many  complete  BencheS^in  use ;  several  Stage  and 

Floor  Houses  under  construction  ;  over  350  Settings  in  use. 

WINSTANLEVS  PATENT  HYDRAULIC  IfAIN. 

Engineers  contemplating  alterations  or  additions  should  use  it ;  saves  money,  as  weight  of  Flttingn  are 
reduced  from  4  cwt.  to  B  owt.  per  mouthpiece. 

WINSTANLEVS  PATENT  MOUTHPIECE  FASTENINB  AND  CATCH 

is  "  UNIQUE,"  OAsy  to  fasten, makes  a  light  and  clean  face.    No  screws  or  eooentrfos  to  wear  oat,  or 
pins  to  alter  to  take  up  wear.    Will  last  for  years. 

Apply  G.  ATHERTON  WINSTANLEY,  Kenilworth  Road,  Coventry,  or^ 
G.  WIN5TANLEY,  Gas-Works,  Coventry. 

2  p  2 
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THOMAS  PIGGOTT& Co., Ld., mns woRKs,BlH]«I]iGHA^. 


BTBBL     MAIMS     FOR     WATmR'WORtiB. 


irrSSESILi      veB*MUM      CASt^      ZRO»r.    . 


WELDED    AND     RIVETED     PIPES   ABOUT   ONE-THIRD    WEIGHT 

OF   CAST    IRON.       MORE    DURABLE    AND.   RELIABLE. 

AS  SUPPLIED  TO  WATER-WORKS  IN   ALL  PARTS  OF  THE  WORLD. 


GASHOLDERS  AND  PLANT  OF  ALL  DESCRIPTIONS, 

CONSTRUCTIONAL  IRONWORK. 

PETROLEUM  TANKS  A  SPECIALTY.     -    -     -     - 


FOUL  MAINS.    PURIFIERS.     RETORT  LIDS. 
STEEL  AND  CAST-IRON  TANKS.       ROOFS.- 


MANUFACTURERS    SOLELY    OF 

HUMPHREYS  &  GLASGOW'S  PATENT 

-  CARBUREHED  WATER-GAS  PLANT. 

INSTALLATIONS  IN    ALL   PART5   OF  THE    UNITED   KINGDOM   AND   ABROAD. 

TBLBQRAM8:    "ATLAS,     BIRMINQHAM."        "INTERSECTION,     LONOQHn" 
THK    ABC    AMD    Al    Cooes    USSD. 
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G.  &  J.  HAIGH, 

Raven's    Lodge    FIre-Brick    Works,    DEWSBURY, 

Manufacturers  of 

MACHINE-MADE    RETORTS 


and 


of  the  highest  Quality,  made  from  Fire-Clay  of  a  most  Superior  and  Refractory 

Character,  suitable  for 

Glass-Works,   -    - 

-    Gas- Works,  and    - 

■    -    Blast- Furnaces. 

For  Prices  and  Analysis,  apply  as  above. 

(NATURAL    BOG    ORE) 

For   Gas   Purification. 


OAS  PURIFICATION  AND  CHEMICAL  CO.,  LTD., 

160,  161,  162,  Palmerston  Buildings, 
OLD    BROAD   STREET,   liONDON,   E.O. 

PRICE'S  COKE  &  COAL  BARROW 

effects  a  great  saving  of  time,  labour,  and  expense. 
For  Particulars,  Price,  &o.,  apply  to— 

MR.   EDWARD  PRICE, 

Gas-Works,    Hampton    Wick. 
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BALE'S 
BOG  ORE 


AND 


OXIDE  PAINTS  for  Oa5- 
WoRKs^ Our  Paints  keep 
theirColour  weli,  are  a 
good  Preservative,  have 
good  Covering  properties. 

BALE  &  Com 

120  &  121,  Newgate  Street, 
LONDON,  EX. 


FIRE 
CEMEN1 


G.  R.  HISLOP'S 

Patent  negeneratlYe  Hetort-settlKg 

These  Settings  are  by  users  assigned  the  First  Position  in  Exceiic 
of  Design,  Worltmanship,  Durabiiity,  and  EfTlcienoy;  whiie  in  Compas^ 
Power,  Facility  of  Management  and  Yield  of  Gas  per  mouthpiece  in  d 
or  life  volume,  they  have  no  equal.  They  carbonize  17  to  20  cwt 
English  coal  per  mouthpiece  per  24  hours,  or  1000  cubic  feet  pen  I'm 
foot  of  Retort ;  and  of  Scotch  coal,  20  to  24  cwt.,  or  1200  cubic  f 
per  lineal  foot,  and  with  the  lowest  attainable  amount  of  Fuel, 
necessary  Steam  for  Producers  is  raised  by  the  waste  gases  fnom 
settings.  «.^..i^«i-i^____  i 

RETORT  BENCHES  ERECTED  COMPLETE, 

with  all  up-to-date  improvements,  or  existing  ovens  fitted  with  Patentee 

arrangements. 


PULL    PARTICULARS    PROM    PATENTEE'S    PRINCIPAL    A^ENT- 

R.  F.  HISLOP,  .m&  GRAiGiELEA,  PAiSLEyi 
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.•  LAIDLAW  &  SON, 

Is    AND    WATER   ENQINEERS. 

>XTin>  OB  SQUARE  STATION  METERS 

(ALL    SiZES), 

CONSUMERS'  WET  AND  DRY   GAS-METERS. 

piPAYMENT  &  COMPENSATING   METERS. 


t  SQUARE  WORKS  J  ALLIANCE  FOUNDRY,  I  6.  LITTLE  BUSH  LANE. 
INBURQH.  I    QLASQOW.    I       LONDON. 

\  Pbopbietobs  : 

'  cronisr  Bi^o^wiN"  <sc  oo.. 


r^IBKIV] 


ie/l( 


paliMS  STEEL  AND    IRON   WORKS,  SHEFFIELD. 

^J^     )WABKE  MAIN  GAS  COAL  yields  12,600  feet  of  19.oandle  gas  per  ton.    Weight  of  Iliuminatiiig 
^^    '  matter  in  poandg  of  sperm,  820^.     Very  free  from  impurities. 

'  lln  ' 

c  fl 


'I 


DAVID  PARSONS  &  SONS, 


I BMOXMBBRS  AMD  XRONFOUMDBRB, 

MANUFAOTURERS    OF 

;;t«iAS  AND  WATER  PIPES  AND  CONNECTIONS: 

^  RETORT  MOUTHPIECES,  BENDS,  A5CENSION,  BRIDGE,  and  DIP  PIPES,  FURNACE 
\   and  DUST  DOORS  and  FRAMES,  DEAD  PLATES,  ASH  PANS,  WALL  PLATES, 
I  PILLARS,  STAGE-FLOOR  PLATES,  LAMP  COLUMNS  and  BRACKETS. 


Cjlforks:  LAYS  IBON  FOUNDRY,  BBIEBLEY  HILL,  STAFFS. 

■*'        Ttl^nuna:  •«PAR80M8,  BROOKMOOR.'*  RaUvay  Btftttra:  BRIBRLBT  HILL. 
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COAL    UNLOADING    AND    -    - 

-    -    CONVEYING    MACHINERY. 

Also  Makers  of  Uquor  Tanks.  Rack  and  5crcw  Valves,  Hydraulic  Hoists  and  Pomps, 

AIR-COMPRESSORS, 

Machinery  for,  Horizontal  and  Inclined  Retorts.  Buckstaves,  Columns,  Staare- Floor  Girders,  &c. 

RETORT    MOUTHPIECES, 
Regenerative  Retort-Settings.     Ascension,  Arch,  and  Dip  Pipes.    Coal  and  Cannel  Breakers. 

Coke  Breakers  and  Screens. 

COKE    STORING   .     ^    ,  ^    ,       ^  _, 

and  Screening  Plant,  Qas  Compressors  andcxnausters.  Tubular  Condensers,  Coolers.  Capstans, 

LIVESEY    WASHERS, 
Qas-Engines,  Floor-Plates,  Roofs. 

W.  J.  JENKINS  &  COMPANY,  LTD.,  RETFORD. 


ESTABUSHBD    fOBt. 

HANNArDONALD 

and  WILSON, 

Emlneers  and  lion  Foiviert, 

ABBEY  WORKS,  PAISLEY. 

Makers  of  Oa*  Plant  o« 
every  description. 


OIL  FOR  GAS  MAKING 

PURE  DISTILLATE. 

HOMOGENEOUS  IN  CHARACTER. 

NO    BIIXTXJM2. 

CAN  BE   STORED   SAFELY  ANYWHERE. 

Flash  Point  Guaranteed  Over  200**  Fahr. 

(ABEL'S  CLOSED  TEST.) 

ANGLO«CAUCASIAN  OIL  COMPANY,  LTD. 


18  &  19,  GREAT  ST.  HELEN'S, 
LONDON. 


INDIA  BUILDINGS.  CROSS  ST., 
MANCHESTER. 
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The  Leeds  FiRB^uY  Co.,  Ltd., 

ENQXKEEBINa   DEPARTMENT. 


Manufacturers  of  RETORTS,  TILES,  BRICKS,  &c. 
CONTRACTORS    FOR 

THE  KRSCTION    OP 

RETORT    HOUSES    COMRLETF, 

INCLINED    AND     HORIZONTAL 

RETORT  SEHINGS  &  IRONWORK 

On  th«  REGENERATOR,  GENERATOR,  &  DIRECT  FIRED  Systems. 
SHAIXOW   REGENERATORS   (a  Speciality). 

COAL  &  COKE  BREAKING,  ELEVATING,  &  CONVEYING 


THOMAS    BUG  DEN. 

INDIA-RUBBER    MANUFACTURER, 

71,  GOSWELL   ROAD,   LONDON,   E.C., 
And  at  256,  PENTONVILLE  ROAD,  KINO'S  CROSS,  N. 

Divlns:  Dresses,  Bellows,  Sewer  Boots,  Miners'  Jackets,  India- Rubber 
Delivery  and  Sactlon  Hose,  Leather  Bands,  Oils,  and  Fasteners,  Brass  and 
Qun  Metal  Work  of  every  description. 

STOKERS'  MITTS  AND  GAUNTLETS. 

■Wringing   Machine    Rollers    covered 
with  India- Rubber. 


..  CYCLE  AND  CAB  TYRES  

Oas  Bags  for  KEPT  IN  STOCK.  Brewers'  Hose,  UnionB, 

Bepairing  Mains.  ftc. 
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CONTRACTORS    TO    H.M.    WAR    OFFICE, 
THE    INDIAN    GOVERNMENT.    LONDON    COUNTY   COUNCIU 

CORPORATION    OF  CITY   OF   LONDON.   Ac.   &c. 


Skuoder's 

skudder's 

skUdder's 

skuDder 

skudDer 

skuddEr's 

skuddeR 

skudder's 


Asbestos    and    Rubber   Ooods   of  every 
description. 

Boiler  Scale  Dissolving  Compounds. 

Free   Analysis    of  Feed    Water,    before 
executing  first  order. 

Cylinder  and  Machinery  Oils,  Dsmamo 
and  Oas-Bngine  Oils,  &c. 

'^     Boiler  and  Steam  Pipe  Covering. 

Engineers'  Stores,  Belting  of  every  des- 
'C       cription.    Belt  Laces,  Fasteners,  Belting 

^  r!v*Aa.m 


Cream. 


For  Axle  Orease,  Lubricatiiig  Orease, 
Solid  Oil,  Asbestos  Orease,  Heavy 
Bearing  Orease,  &c. 

5     Oauge   Olasses,   Steam   Oauges,  Valves, 
Lubricators,  Packings  of  every  variety. 


High-Class  Steam  and  Water  Fittings. 


Qold  Medal,  Highest  Award,  Sheffield,  1893. 

SAMPLES   AND  QUOTATIONS  ON  APPLICATION. 

G.   SKUDDER   &  CO., 

Offices  . .        ..\ 

Warehouse   ..       ..  98,  TOOLEY  STREET,  LONDON  BRIDGE,  8.L 

Chemical  Laboratory) 

Oil  Refinery  and  Grease  Works SOUTH  BERMDND8EY. 

Boiler  Composition  and  Boiler  Covering  Works        . .  ]  DCDunynQcv 

Engineering  Works }  "ERMONDSET. 

Telephone  No.  899  Hop.        Telegraphic  Address,  "  Skudder,  London." 
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